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EFFECTS OF ENDOTHALL TREATMENT ON PHOSPHORUS CONCENTRATION

AND COMMUNITY MATABOLISM OF AQUATIC COMMUNITIES

I. INTRODUCTION

A. Background.

The importance of the littoral flora as a site for phosphorus flux in

lakes has received attention, particularly in the management of aquatic weed

problems (Brooker and Edwards, 1975; Carpenter and Adams, 1977). Aquatic

weeds, often growing rapidly and attaining high densities, interfere with ir-

rigation systems, reservoirs, and the aesthetic and recreational qualities of

water (Holm et al., 1969). Macrophytes also contain a considerable amount of

tissue phosphorus which can become a major source of orthophosphate to the

water through plant decomposition (Carpenter and Adams, 1978). Orthophosphate

can thereafter be assimilated by other autotrophs which may then reach nui-

sance levels as well. Plans for macrophyte control must consider the impact

of a chosen method on the fate of phosphorus in aquatic ecosystems. Although

herbicide treatment is presently a feasible method for aquatic plant control,

plant decomposition and nutrient availability may alter the physical, chemical,

and biological state of a lake.

Phosphorus composes roughly 0.1 to 1 percent of the macrophyte standing

crop, the percentage fluctuating seasonally. Although evidence is sparse for

submerged macrophytes, the trend appears to be a high phosphorus content per

plant standing crop early in the growing season which decreases as a popula-

tion matures (Carpenter and Adams, 1977). The percentage may increase later

in the life cycle with the development of flowers and fruit (Caines, 1965).

Herbicide is usually applied when macrophytes reach a nuisance density and the

tissue phorphorus pool is large. It follows that phosphorus can be lost from

the tissue in excessive amounts.

Laboratory and field work provide insight into the pattern of organic

matter decomposition and phosphorus loss in a variety of aquatic macrophyte

types (submerged, floating-leaved, emergent). Submerged macrophyte decomposi-

tion generally follows an exponential decay pattern (Jewell, 1971; Novak

et al., 1975; Howard-Williams and Davies, 1979), hut a biphasic weight loss,
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or a distinctly rapid loss followed by slow decomposition, has been reported

(Mason and Bryant, 1975). In both cases, phosphorus loss is greatest during

the early stages of decomposition. Leaching (water-soluble compound removal)

and autolytic processes (enzymatic degradation) are dominant during early se-

nescence, followed by microbial breakdown (Harrison and Mann, 1975). For in-

stance, greater than 60 percent of the phosphorus in decomposing Potamogeton

pectinatus was lost within fifteen days. (Howard-Williams and Davies, 1979) and

similarly rapid phosphorus loss was reported for Myriophyllum spicatum (Car-

penter and Adams, 1978). Apparently, much of the phosphorus is in the soluble

or readily solubilized form, particularly for submerged species which have a

high percentage of the standing crop in the noncell-wall fraction (Polinisi

and Boyd, 1972).

The phosphorus lost from aquatic macrophytes is almost entirely in the

fine particulate and orthophosphate forms (Jewell, 1971; Nichols and Keeney,

1973; Carpenter and Adams, 1978). Organic phosphorus is not a major breakdown

product of plant decay, but rather appears in the water as a result of micro-

bial transformations (Carpenter and Adams, 1978).

The fate of macrophyte phosphorus after herbicide treatment depends on

abiotically and biotically mediated processes of an aquatic ecosystem, and

subsequent changes caused by plant decomposition. Nichols and Keeney (1973)

realized the importance of the sediment and the effect of oxygenation on the

fate of tissue phosphorus in the laboratory. Endothall-treated plants allowed

to decompose in systems containing only filtered lake water displayed no dif-

ference in phosphorus loss L der oxygenated and nonoxygenated conditions. A

reported 31.6 to 54.4 percent of the tissue phosphorus was lost within the

first 28 days under both conditions (Nichols and Keeney, 1973). Total phos-

phorus concentrations in the water increased markedly within 14 days, remain-

ing constant thereafter. In systems containing oxidized sediment, total

phosphorus showed substantially less to no increase in the water following

herbicide treatment. The adsorbing capacity of the sediment for phosphorus

(Mortimer, 1971) was hypothesized to be the factor responsible for the results

Nichols and Keeney (1973) obtained.

Changes in oxygen and phosphorus during plant decomposition in small

lakes and aquaria have been followed to determine whether or not the redox

state of an aquatic ecosystem influences the movement of recycled phosphorus.

Soluble reactive phosphorus (SRP) increases were reported only during oxygen

4
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depletion (Walker, 1963; Simsiman et al., 1972). Alternatively, Fish (1966),

Simpson and Pimental (1972), and Walsh et al. (1971) found no SRP increases

after herbicide treatment, and the water remained oxygenated.

The commonly reported scarcity of SRP after herbicide treatment may also

be the result of its rapid turnover time in the water (Lean, 1973) and uptake

by other organisms. Several workers have observed substantial increases in

the chlorophyll a concentration after herbicide treatment (Fish, 1966; Newbold,

1975; Brooker, 1976). In all cases the water remained oxygenated with no in-

creases in the SRP levels. None of the studies considered that the rapid

leaching process of plant decomposition could cause an SRP pulse of short

duration in the water at the onset of senescence. In the studies reported

herein, samples were taken at weekly intervals after treatment.

Community productivity may be sustained or increased after herbicide ap-

plication by the occurrence of algal blooms, although there is a paucity of

data to support this contention. Some herbicides are species-specific in that

they destroy only intolerent organisms of a community, allowing resistant or

opportunistic species to invade and multiply. Walsh et al. (1971) observed

that chlorophyll a, phytoplankton abundance, and phytoplankton productivity

increased to a maximum during the most intense period of weed decay in a her-

bicide-treated pond. At that time, phytoplankton contributed 94 percent of

the total community productivity in the experimental pond, while, in the con-

trol pond, phytoplankton accounted for only 17 percent. Phytoplankton produc-

tivity decreased as macrophytes reinvaded, eventually reaching a level similar

to that of the control. Walsh et al. suggested that nutrient availability

sustained algal productivity in the herbicide-treated pond.

It has been hypothesized (Rhyther, 1970; Menzel et al., 1970) that a

~perturbation imposed specifically on an autotrophic component of a community

will a-sea change in (1) the species dominating primary productivity, and

(2) the flow of energy through a community. Furthermore, when an autotrophic

component is perturbed, both community productivity and respiration should de-

crease initially because that component will no longer be contributing to

either metabolic pathway (Beyers, 1963). To illustrate, Copeland (1965)

observed a decrease in both community productivity and respiration in a

turtlegrass-dominated microcosm after a light reduction perturbation. The

community rates increased to the pretreatment levels as the community went

through succession at the lower liRht levels. The dominant primary producer

5
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after light reduction was the much faster growing blue-green algae rather thjj!

the slow-growing turtlegrass. The transition may have resulted from a compet-.

itive adaptation by the algae to lower light levels, or nutrient loss froiii the

decomposing grass may have stimulated algae growth.

Herbicide treatment perturbs the community metabolism of all aquatic ec(o

system and causes the release of nutrients from macrophytes. While phosphoriv.

can both adsorb to the sediment and be taken up by other autotrophs, the in.-

fluence of each on the fate of phosphorus has not been determined in herhic'1

perturbed systems. Phytoplankton and macroalgae may be functionally import int

in conserving phosphorus which would otherwise be lost to the sediment or lak,

outflow. Analogously, the pin cherry (Prunus pensylvanicas) invaded and accu-

mulated biomass and nutrients rapidly, reducing nutrient loss after clearcut-

ting and herbicide treatment at the Hubbard Brook experimental station (Marks

and Johnson, 1972). Furthermore, phosphorus is usually the element that

limits algal growth, and its availability after herbicide treatment may cause

aesthetically unpleasing algal blooms. Therefore, the effects of herbicide

treatment on phosphorus release from macrophytes and community metabolism

merit further study.

B. Purpose and Scope.

In the present study, microcosms were used to observe phosphorus leach-

ing and changes in community metabolic rates after endothall treatment. Mi-

crocosms were constructed in 57-k aquaria with lake water, sediment, and an

initial known standing crop of the test plant Potamogeton crispus, a nuisance

aquatic weed occurring in the midwestern United States. Two experiments werc

conducted, one with microcosms containing sediment which was highly adsorptivw

to SRP, and the second with sediment which had a weaker adsorbing capacity.

In addition, a field study was conducted at a local lake in northeast Ohio.

The specific research questions were:

(1) Is there an SRP pulse in the water after endothall treatment?

(2) Does community productivity shift from macrophyte to algal domi-
nance after an herbicide perturbation?

6



11. MATERIALS AND METHODS

Endothall (7-oxabicyclo [2, 2, 11 heptane-2,3-dicarboxylic acid) is

effective for the control of terrestrial and aquatic weeds. The compound is

selectively toxic and is used for preemergence and postemergence problems

(Anonymous, 1974). Although little is known about the mode of action of

endothall, it is generally thought to cause rapid membrane disruption and

ion leakage (Morrod, 1976). The chemical products used in this study are

Aquathol K, the dipotassium salt of endothall, and Hydrothol 47, the di-(N,

N-dimethylalkylamine) derivative. Both products are manufactured by the

Pennwalt Corporation.

A. Field Study.

A field study was conducted on a man-made lagoon which be ii choked

with Potamogeton crispus in the late spring. Used as an access .,annel to

West Twin Lake, the lagoon has a long arm an(d a short arm, which served as the

experimenLdl and control areas, respectively (Figure 1) (for a description of

the Ja ke, see Cooke eL al., 1978). The mean water depth is approximately I m

CONTROL AREA EXPERIMENTAL

WEST TWIN LAKE

Figure 1. West Twin Lake and lagoon area. Striped
area marks the extent of herbicide treatment in ex-

perimental site
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and 6.3 km2 in area. The long arm of the channel was treated with herbicide

on 3 May 1978, and again on 8 May. Forty-five kilograis of the granular form

of endothall (Hydrothol 47, Pennwalt) were applied on the first day and on th.

second treatment day 19 2 of the liquid form (Aquathol K, Pennwalt) was

sprayed. The intended concentration or, each treatment (late was 5 ppm of the

active ingredient. Samples were colle(ted in the middle of each area at a

0.5 m depth for dissolved oxygen, total phosphorus, soluhle phosphorus, and

soluble reactive phosphorus. Three pretreatment observatLions were made.

After herbicide treatment, water was analyzed on the third and] fifth days,

then daily for 9 days.

B. Microcosm Study.

Two experiments involving microcosms were performed. Experiment 1, ex-

ecuted in the fall of 1978, was a pilot study. Two microcosms were used, each

containing sediment from the I m depth of the lagoon area (Figure 1). Twelve

microcosms constructed in the spring of 1979 contaii~ed sediment from the 2 m

depth of the littoral zone on the southern side of West Twin Lake. For both

experiments, aquatic communities were housed in 57-k aquaria (15 gal). The

glass tanks were 60 cm long, 30 cm wide, and 30 cm high. Sediment and Vater

were collected from each location and promptly reti,:ned to the laboratory.

Sediment gathered with an Ekman dredge was sifted through a coarse-meshed wire

screen to remove plant material, then thoroughly mixed in a large vat. Ten

litres of the sediment was then dispersed evenly across the bottom of each

aquarium. Lake water was collected in 18-9 carboys, combined, and mixed in a

vat, then slowly added to the aquaria. Water lost by evaporation was replaced

with tapwater. These procedures were followed for both experiments.

The sediment taken from each area was classified according to its abil-

ity to adsorb soluble reactive phosphorus. Adsorption and desorption were

surveyed by the Williams et al. (1970) method. A volume in cubic centimetres

equivalent to 0.5 g dry weight of each sediment was placed in a 125-ml Erlen-

meyer flask. To estimate adsorption, an aliquot of a 0.2 M NaC1 soluLion con-

taining 250 pg KH2PO4 per litre was added to each flask, bringing the liquid

phase volume up to 25 ml. Twenty-five millilitres of g'ass-distilled water

was then added to make the final liquid volume 50 nil. The flasks were placed

on a shaker table for 12 hr, then a portion was removed and centrifuged for

-8



20 miin. Tiwenty-tive millilitres of the liquid phase was filtered through

glass fiber filters before determining SRP. Desorption was measured by adding

50 nil of a1 0. 1 M NaCi sol ut ion without phosphorus to a sediment ali quot. 'rhe

t I asks were sha ken and( thet same procedure foll Iowed to dlet e rmine SRP . Net adl-

sorpt in was calIcul ated as adsorpt ion minus tlesorpt ion . 'Terr replic(ates were

aIttemlpted to r ea ch experiment.

L.i gh tinrg foi theltn microcosms was p royvidted by I .2-u l ighrt hainks , ea ci con-

La i iin g two 40-W cool whrite fIuiorescenrt l ighrt bulbs . Banks were piosit ioned

127 mil above each atlia rium . The bulb s geirerated Xl1.0 pE/m 2/sec to thte surt ace

ot t each aqua 'irikurn. Tir rolighoirt experi mernt I1, Iligirtinrg was set onl a lb-br-day,

8-h r-rr ght cycle to pr-omot e growth. The (cyclIe was chanigetd to a I 2-bir- Ii gbt

12-hir-dark period for expteriment I . TIwo aquaria Were placed liniter each l ighrt

linuk . Ili expe'riment I1, one( aquiariurm was des igniateud as Liii corntroI wile I tire

ot htr was Ltm experimntr I to he t reated wi th herbicide. Tlie 12 mi crocosims

rII e xpeimenII~t I I We re irranged as shown Ii Figure 2. Bflack plast ic was

,tr. id ove r tilte lighrt. h,iks ariid alIonrg till, out er s id(es of (ciih aurarium to pre-

\'t'it .rmbhivirt lighrt Iroin certer inrg. Caroboa rd %,a.s inrserted between it~jii

Al ig tire, ruiler sides ill taibles 2 'Indl to pirevenrt lighrt exchange between mmi -

( rocuosrs .i ci rocosilis werte dcc I I red (of)t ro I oir exliir uncnt a I on t he hajs i s of

Juts r t i oil Onl tie table s

Potamogeton Cl'ispuIs, a rarpi dl gtrow inig ritlirisa rrcc weed, was chrosen as tire,

expe ri meritaI pl ant . Illre pl airt p ropagarte~s by rurrnncers dirr inrg tire ear 1 spring

Ili We'st Tlwin riLake, at ta iinrg hri gh ticrs it i cs fy Junrre. lIn late Jirne, th ic tl

I.r t rion p rouhirces ,rsexnia I t iriorrs hefore siresceirce . A synchrronmous di c-back

tmt'ii occurrs, muld thlit pla.nits decomrpose anid set t Iv to( tilte sed irnrt . 'Ilriorrs

wevre col Iv cteu front a stand of inacropirytes arrd storedl inl a ret rigerator rrrt I I

rt'lee for- expetriment I . 'Ietrriorrs were geroririatet ili small p1last ic trays

I I led with lake water arrd sedi menit. A 0. 6-ri flu iorescerit 1 igirt hank prodrrc inrg

Xl . 0 pI'./ni /sec was set orr an) 8-lir-uay lenigth ir wri ci proveti :rrccessfil I inl ilirit i -

itg gt'rni nit i on . F"our sinai I macrophytes were t hen plarrt ed il eitach atfia rii mm

i' I-xpe r I merit I . Sma I I c-irt t i igs co01 I (cct cul i nr t ire I a goon a rca we re utsed f or-

cxii' rnrt [ I becaurse Liir i (is were nrot ava i lair I. Runners wtere t rimmred Ifrom

tire ptiant s aini nine pl ant ed ili cvrch aqura r i ini.

4 ~~A miet hut to r determnin ing p1lant staridi rig c'rtop and tissure phosphoruis was

at t emptted to est irnate the total amount of macropiryte pihosphorus iii va'I micro-

osm befoure iherbi cide t reatment . Germiniatedi tririours were grown for 3weeks inn



TABLE 3

Woo lol

TABLE 2

TABLE I

Figure 2. Arrangement of microcosms in ex-
periment II. Heavy lines represent the

aquaria, surrounding light lines denote
black plastic drapes, and dotted lines are

cardboard light shields

microcosms under the lighting conditions of experiment I. The plants charac-

teristically developed runners, resulting in a population of plants of dif-

ferent sizes. The plants were then cut at the sediment surface to exclude

runners, dried at 60*C for 5 days, and weighed to the nearest 0.1 mg. The

leaves on each plant were counted before drying to compare leaf number with

standing crop. Macrophytes were also collected from the lagoon area and lit-

toral zone of West Twin Lake and treated similarly.

The relationship between leaf number and standing crop is shown in Fig-

ure 3 for both laboratory- and lagoon-grown macrophytes. It was assumed that

plant growth is described by an exponential function. Plants with similar

eaf nulmhers had higher standing crops in the field than in the laboratory.
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XI 1 32y 76690
r2098

LABOR ATORY PLANTS

0 1' 1 6 2 25y 7 8914
3-~r2 0 94

0
0

z 0 0

o 0

4 0.

0,

0,

15 26

InTTLLEFNME

Fiur . 1 to i" !al nim er V rs s pl n

ill~~~~ th goreritv It was observed that both ermienated pl antsadctig

grew s imiiar lv unlder tile same l ighrtirrg conidi tions alIthough c'uttinugs did not

prmlirv runnre rs.

Ma ('rophivt e t i ssue phosphrui is was compiared w it h stand inrg c'rop for bothi

iloritory urid fijell pilants (Figiire 4). As standing crop increased, the mi I-

Si grains of phosphorus per grai of planurt stand inrg crop arnd thle percent phiospho-

rius pefr pl ant st and inrg crop dec reased ini an exponuenit ial mariner. Snia I 1 1ph antt s

had phoisphiorus percenitages art order of magrii tude higher than the vahIiues rang-

Ing I roii 0.1 to I perent repo)rtedI in thre itrattire (Cairies, 1965; Riemer and

Tloth , 1969; liovd * 19701). Thre jlercrit,uq ie'eae to with ll tile connironly re-

ported range as, staridinrg crop inrcreased . r gujrv ' shows thle regress ion equa-

t ion between st aridinrg crop arid mili igrams of t issrie phosphorus% per gram of

-i sarof i rig o: rop . Lahoratory plants had lIightly highuer phosphorus -oniceritra-

ioris than f iel d p laits , hut all data were combinedt

Thle nmbeir oif leaves oni each prlart was recorded irudividualI I on
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scheduled dates for both herbicide perturbation experiments. For each micro-

cosm, the standing crop of individual plants was determined from the equation,

In standing crop = -7.8914 - 1.6225Y (1)

where Y = In leaf number. The mill igrams of phosphorus per gram of standing

crop (SC) for each plant was obtained from the equation:

In mg P/g SC = 1.5642 - 0.5045Y (2)

where Y = In plant standing crop. The total phosphorus contained ill a plant

was determined by multiplying standing crop by the calculated mg P/g SC. The

total standing crop and macrophyte phosphorus content for each microcosm were

determined by summing all values for the individual plants.

1. Experiment I1.

Two aquaria were sampled for dissolved oxygen; chlorophyll a; and total,

soluble, and soluble reactive phosphorus at weekly intervals for 5 weeks prior

to herbicide treatment. Samples were col lected in the middle of each aquarium

with a polyethylene siphon between 1000 hr and 1500 hr. On 22 November 1978,

173 mg of Hydrothol 47 (Pernwalt), the equivalent of 2.0 ppm of the active

rigred i ent , was app I ied to the experimental aquarium. The other aquarium

served as a control. Phosphorus samples were taken in the morning and the

evening for 3 (lays, then daily thereafter for 2 weeks. Samples for chloro-

phyll determination were taken once after herbicide treatment.

2. Experiment 1I.

Six control and six experimental microcosms were sampled twice before

herbicide treatment. The analyses performed were dissolved oxygen; total

phosphorus; soluble phosphorus; SRI; chlorophyll from the wall, aquarium wall,

and sediment; and community metabolism.

Six microcosms were treated with 173 mg of Hydrothol 47 (Pennwalt) on

29 April 1979. Phosphorus was measured on the first, second, third, fifth,

and fourteenth day after treatment. Chlorophyll was analyzed once and metab-

olism five times. Control microcosms were monitored at the same time.

13
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C. Analyses.

1. Chemical.

Total phosphorus (TP), soluble phosphorus (SP), and soluble reactive

phosphorus (SRP) were determined by the U. S. Environmental Protection Agency

(USEPA) method (1971). Particulate phosphorus (PP) was obtained by subtrac-

ting SP from TP. Soluble unreactive phosphorus (SUP) was the difference be-

tween SP and SRP. Macrophyte tissue phosphorus was analyzed according to

Chapman and Pratt (1961).

The biomass of algal communities which inhabited the water, the aquarium

wall, and the sediment was measured by pigment extraction. Water chloro-

phyll a was determined by filtering 500 nil of microcosm water onto a glass

fiber filter, grinding, and extracting in 20 ml of acetone (Long and Cooke,

1971). Microscope slides which had been placed in the aquaria were wiped

clean with glass fiber filters to collect algae attached to the wall. The

filters were then extracted in 10 ml of acetone after grinding (Long and

Cooke, 1971). The top 5 mm of a known area of the sediment was removed by

suction. Sediment algae were trapped in tissue paper according to Eaton and

Moss (1966), then completely dried before extracting pigments in 10 ml of ace-

tone. All pigment fractions were extracted in 90 percent acetone for 12 hr.

The chlorophyll a concentration was calculated with the trichromatic equation

of Strickland and Parsons (1968).

2. Community Metabolism.

The metabolic activities of an aquatic community cause diel changes in

dissolved oxygen. The work of Odum (1956) and Odum and Hoskin (1958) estab-

lished the methodology for determining the rates of gross primary productivity

(GPP) and respiration (R) using open-water techniques. Odum (1956) described

the processes governing the rate of dissolved oxygen change (g/m 2/hr) as:

Q = GPP - R ± D + A (3)

where

Q = rate of dissolved oxygen change

GPP = rate of gross primary productivity

R = rate of community respiration
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1 rate of di ffuision into or out of a system

A rate of drainage accrual (which will he omitted it this argument)

However, with use of tie Odum and Iloskin (1958) method, the effects ot di ffu-

sion will be omitted from the GPP calculation resnlting in an error when lay-

t ime dlif fus ion equals iii ghtt ime di tfus ion. The error wi I I occur when the en-

tire oxygen rate-of-change curve is cor rected for di f fus i on.

Before a logical argument for the error can he presented, delt init ions of

the variables estimated in this study t'y the diel oxygen ctirve method must be

ment i oied. (ross )rima rv)roductivitv is the rate of community photosynthe-

sis, some of which is simultaneously cataholized by both autotrophs and het-

erotrophs. Catabolism of carbon inputs from outside the system will also be

refflected in gross primary prodiuctivity. Net primary productivit, is the rati

od couirnuili it y photosyithes is stored in e xcess of commuin ity respiration during

the day I i ght (duim i nd hskin, 1958; B(ye rs , 1903 Twentv-f on r-hour net pri -

rV, ry )rodu tIvity i heth it, t ph(tsynthetiL storage du rig a 24-hr-day/night

yr I e . Rtesp i i tt i oO Is t h' ra t of (rgan i c ilia t t e r degrada t ion. Al I va I iie , (i,

t' c'xpr'sst'f .1s h urlv I g/l2/fit-; g/m i I or d ily (g/) 2 / Ln i ; g/ "i /fav I ites.

'll' i)(1111i ,ind jhfskjl ( P),)8 ) Mh thIml

Data c,,t lucted l Ir01 Ill I r() ( o sl No. 10 %,'re li: ', t( fr-iserit tit' ca I ilIa-

tils iof gross fri,iI v 1 fl u h t i\vi tv oini re sfi rat ion is i rig t lt, um a nd thski n

(11)58) let hfI ('Ih I e I . 1) i Ss)I ved ('x\ gell 'Iid tempc'r) it lre wI're( ( recorded l t

4-fIr itt, ri Ils f r 2 finr ,ith I YS[ oX\ ' g n i robe, calI i r.i ted by the WiInkl'r

'li,1:le 1I

I)atu Used to (a I ( late Gross Primarv Product i vi ty Us i ig

t It' (hOfin a rid lhos k ii ( 1958) M' I hod

T i me oxyg e I g/ ) % 2 Sat ii rat j oil Tempe ra t IFre (°CO

2130 8. 9 97 23. 2

2430 7.1 87 22 .8

0410 0.5 75 21 .8

0830 6.0 70 21 .0

1230 (6.5 77 22.4

16 1O 7. 1 8 23 2

21(M 7.6 91 23. 0
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method (USEPA 1971), and a thermister thermometer I or periods beginning and

ending at the start of the night cycle. The curves are shown in Figures 6A

and 6C. An oxygen rate-of-change curve Q was then ohtained from the, oxygen

curve using 2-hr intervals and rate values were plotted in the middle ofv eadh

extrapolation (Figure 6E).

13 * * .""'IL V I'''"

4 ii

2'

a- -" -- - - - - - - - - - - - - - - - - - -

(3 . . . • __ .i s _

Figure 6. Diel variat ims in oxygei, (A), oxygen saturation (B), tempera-
ture (C) , and di ffus i on ()) . Also shown is a comparison of the Odum and
Hoskin (1958) method (F) and the corrected method (F) for determining
community metabolism when nighttime and daytime difffusion are similar.

See text for tiint her explanation

A diffusion coefficient k was talculated from the equation:

k =1(00 (m e) (4)
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where

k =volume based diffusion coefficient, mg 0 2/IQ/hr

(Im rate of oxygen change at a chosen predawn point, mg 0 2/Q/hr

ze rate of oxygen change at a chosen postsuniset point, mg 0 2/Q/hr
em = p r e t s t r t o e i i t h r d w o n h s n f r (

Se percent saturat ion deficit at the predawnse point chosen for q e

Ini Table 2, the cal culat ion for k is shown using the dat a from Figures 6C

and 6E.

The rate of diffusion 1) was obta inedl froin the equation:

1) = kS/100()

whie re

D[= di ffusioni rate, mg 0,)/.q/hr

S =percent saturat ion def i cit for each 2-hr rate, interval onl the Q
c-in ryve

then add(ed1 to or subtracted fromr each oxygen rate-of -change value for over-

sattiited or tnude rsattii ted conidit ioins, respect ivyely. D)i fusion calIciiiat i oms

are shown for each oxygen rite-of-chanige iii Table 2 arnd the di ffiusion cor-

rected rates are shown iii F igure 6.. Total night t i me and dlayt ime di fns i on

was then obt ii ned from the d iff[us ion rates integrated over the 12-hr-day/nm ght

cyclIe. It is important to riot e that night time di ffus ion equal led daytime (ij-

[uision.

From the corrected( curve, resp irat ion (nig 0 2 //day) was determined by

mult iplying the average hourly nighttiie respiration rate by 24 hir (see

Table 2 for calciilat ion). Respi rat ion included the effects of difutsion,

accordlinrg to the equat ion

R Q1 niilht + Dinnight()

whe re

=i ni ~ght time di ssolIveil oxygen rate of chanrge , Ing 02 /V2/day
l) n i gt=Iiii gilt t ime (I i ssolI veil oxygen d i f fiis i ou i nito thfe sYstem",

mi ght 2i Ik/2day

ill this example.

The error by Odonm and] Hoskinis ( 1958) wh i ch results in thfe om iss ion of

di ffusion occurs in the calciulat ion of gross primary product ivity. 'The

17
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average, diffusion-corrected, nighttime respiration rate was extended across

the daytime hump of the corrected curve (Figure 6E), then the squares inside

the shaded area were counted. The area of one square was determined by multi-

plying its vertical axis by its horizontal axis value. This area was multi-

plied by the total number of squares counted to obtain gross primary produc-

tivity (mg 02 /P/day) (see Table 2 for calculations).

The effects of diffusion and simultaneous respiration should then have

been included in the calculation of GP' according to the equation,

GPP Qday + k nh Dil (7'll Fligh t (fay

However, when Equation 6 was substituted into Equation 7, producing the

equial ion

GPP Q + (-Q + Din ) - Dinl (8
day flight night (ay'

ditusion was (anu( lle(l from the GPP calculat ion when )i li t equa I led

I)l iiia

Th' oii issioll of liffusion from t d(W;' W aJ, c i] ation occurred when the

t.t ire Q (irve was corrected for diffusion. According to the Odum and Hoskin

(1958) Iethol, GPP lbecame tle summati oi of nighttime Q aid dayt ine Q . To

vuri Iv this, IPl (ai Icu ated from va I luies subst i tuted into Equat ion 8 was con-

pared wit h1 the va lue obta i ned f rom the area unde r the corrected curve.

'fable 3 shows that the sum of 3.70 mg C /V/day closely corresponded to the

va I Lie of 3. 75 iig 0/2/ /day obtained fron the area under the curve.

The Corrected Method.

Their error was corrected by using the same data from Table 1. The same

Oxyg(n , p ercent oxygen satiiration, temperature, diffusion, andI oxygen rate-of-

change curves used in the (dum and loskin calculations were used for the cor-

re(t tion. (n the rate-ol-change curve, only nighttime rates were corrected for

di lihision; daytime rates were not corr(.cted (Figure 6F). The average, diffu-

sion corrected, nighttime rate was then extended across the daytime period

hump, and the bounded area was determined to obtain GPP. Equation 7 describes

the GPP calculation using the corrected method as

19
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GPP = Qdy + Rnight = Qdy + (-Q ight + Din dy) (9)

which now includes the effects of diffusion.

The corrected method only applies to situations where nighttime diffu-

sion equals daytime diffusion. In highly productive systems, the inverse of

this situation often occurs. At night, community respiration depletes the

oxygen concentration below its saturat on value causing oxygen to diffuse into

the system. Daytime net primary productivity results in oxygen oversaturation

and diffusion out of the system. The riet effect is described by the equation

Din night =(Doutday) (10)

In this case, the entire curve should be corrected for diffusion following the

procedure of Odum and Hoskin (1958) to obtain correct gross primary produc-

tivity and respiration rates.

3. Calculation of GPP, NPP, 24-hr NPP, and diffusion.

In this study, nighttime and daytime diffusion were usually equal for

all determinations, so gross primary productivity and respiration were calcu-

lated with the corrected method. Net primary productivity was computed as the

difference between gross primary productivity and nighttime respiration. Gross

primary productivity was subtracted from the 24-hr respiration rate to obtain

24-hr net primary productivity.

The value for the diffusion coefficient k was obtained from the Velz

(1939) nomograph. The nighttime respiration rates, used to calculate k

according to the Odum and Hoskin (1958) method, produced extremely variable

coefficients, ranging from -1.50 to +1.75 mg 02/R/hr or -0.34 to

+0.399 g 02/m /hr. Areal-based literature values ranged from 0.03 to

0.08 g 02/m 2/hr for still-water aquaria which are substantially lower than the

range reported here (review Odum, 1956). To determine the coefficient, a mix-

ing time was required. Dye was carefully injected into an aquarium filled

with enough tap water to approximate the volume contained in he experimental

aquaria. Complete visual dispersion took approximately 12 hr. Based on the

mixing time, water depth (0.2 m), and mean temperature (23°C), diffusion rate

(g 02/m 2/hr) were determined for saturation deficits ranging from 0.1 to

0.6 percent. The relationship between the saturation deficit and the diffusion

21
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rate were then graphed, and the slope of the line was calculated to determine

K , the areal-bas;ed diffusion constant, which was 0.086 g 0 2/M 
2/hr. The value

for K was within the range of values reported for still-water aquaria, and

was used for all di ffusion calculations. The volume-based di ffus ion coeffi -

c ient k (mg 0.)! chr-) was obtairied by dividing 0.086 by 0.228 fin, the depth o!

the systemns

4 Ant ot roph ic C.omipoinnts.

tli I' I lrr' ju , ltt))l thre c lj'ltii s i ig d1 c oxvgr'i il lig's Iiitl i ght /

(Lirk hot t I'le ~ i~' lii'' iiilorii'lit" s sre: Ina(i rojtivtr'-epi ih tt htuintlic

.iii pi ikt oni .

31 ink toni( v iiit ibol isin wajs int'l sur di I ithi I i gL an du a rk bitt t e I 's iit( t ut

1n eac iluni urn1, forIMt( 4 h t. t hrc t I Ie te I i)otl trrI pp infg t he illdI e o)f t he da.

I' ink t tii 61 tl -' s 'letei iiined is:

GPP(mg 0//lv

Li lit bottle (ingb9 ) - dairk hottlI (n!i 2tlg'I gt ors 1
4-hr iricubaL fiort

.1iid plaikton it resp i ra t (ion (H ) 'I"

( nig 0,/9/da) init ial bott le - dark bott le (ing/2) 24 11r (1,)
4-li c it uria ioin

T, ht, consisteniit wi t I tIt(' i I (n Iurt ion ofI tie t' t pi iiri pi clue t ivi itv ( NPP)

vaj Itucs us ing thne Odui jrid Hos kin ( 1958) mnet hod (see' Sect ioni 3 ,pl an kt uii ic NIT

111 tfiiitiitid is tie( (Ii I Ic ie' bet seii UPP 11i41 day t imfit R (inig O') / 9/diay ' 2).

Tn' ditf ference ltttweeii Cl'' .inI totalI R was compuited to) obti i 24-hr net pri -

in~irv product ivi ty ( 24-hr NH') .

Bnrthi ( met alit, i sm wsis tiet erm ineil ursing the correct ed dlie] oxygen chanige

methbodl A ple xi glass t'v inileri measu ri rig 0.055 im iii di ameterc and 0.304 tit iii

lieiglht was tare fi lv pusheid inito the seimeunut to the lintottom of each atqua riurn.

The thickness of each plexiglass cyl iriier was 6.35 mm, which stopped diffusion

between Lte enclosed water column and aquarium water. A column of- water, coy-

dering a sediment area of 0.002 m 2 and open to the atmosphere, was isolated

from the rest of the aquarium. Potamogeton crispus cuttings were not included
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iit ate 2.4-li r NIT.
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A. Field Study.

Bet tore herbi cide t reatient ,part i ciliate phosphonruls (P1') was I owe c if] the

expeceritalI water, than the corntrol site oil two occas ions (Figutre 7) . Bitt it

va I ties were ne.i r Ily s iirni I ;ir 2 hir bet ore the tI cst her b it ie 'Ii p p I I cit I n. A I te

lit-cli c( t, t ceatinif-rit Il') i n( t'(u15ed i n the expel tiett I I areaj t o 2 7 jig/~ i, i d.t -4l

t- cstileil to 8 pg/ i? oil day~v thltet i ic c-ast-l to 2') jig/? nil ('Iiv ii1 if Ilit,

o,(lit I olI itta , 1)'1)' I Itic tIlait et btttsttI 15 id 2) I ig/ ? tntf 1) (1,ivys , thell tellI tt

p vg/ oi? nt ,I% Ia 1I . 11 wa s s ilii acr i tlic- expel- imett.i atid ((litr irt1a rc ,[I

'lays I i arid 15

So ItiIlI tu iiiiiivaict iVe, phlosphorus (Stl'') wa)s (Wits istctit IV liighlt ill the ex-

peIt int iti I -wtec tha I ai e k(tit to I) aci tcf-tot Itecrbi ti(d e L ceaitietit . At t t lit-

ItI t t retItte(ilt datec thei (ol cit ItIt I il let. ceascd ,I I gilit I%, ItimiI ind coilst atlit

un~t I I dv 7 , I. hllr i it- ijsetI t o a titaxtIiinp ittk oh I 3 pg/I' onte 'Liv al t t t lie

st-c,[)Ih it-ltI c Ilte app I (;It t l . Ie I(Wilt -"It caIt jol((( l'c(t.lSell in o b lig/i' itt

11, I thlen intther pttik ofI 24 jig/ wai tnt el nit daN, 12 1it1t the (-''it I o

aIre,1, S1I' I I iict1.1ttl dIess , iiil t I 1 itt i tig I kcotit'tttt it. t n it abonve 1 jtg/ 9 oft ldivs I

Itnd 4 . The cnoticencit cit t f it l tpjtcd t o s Ij gilt Iv l ower \' I ho-s nit 'iays t 'Ittld I I

theni i itcreisv'd t, 1' lig/i? ott (liv 12, 1 eina ittig stce~itl t lintiv t t-iv.

So Il Ie teat( t j vt phiosptinttis (SRI) t it bo t 1S i t t's li1s I hri lot rhi Itili itl'

liitwt-ver , t lit v~i I it. t- I Iiict Iittl t " . iold 5) pg/i ial . tlti It' (h tt t lit' tx-

I cIr 111 ititti , I ittI. SNPI' If( Ic'ise- t ( 12 pig o n liv h o it, Lva, 1,c ott 1 t e-tt'i

I I('FhICutI It I at-c)I La t bIttl t iit ii -it ii 2 I 2't tell lVs on ligiit .1. 1 f lit. 'is

the (- t vrolir a ( rca, tt ti I i-nict dciI ol 4e '1 yel ppDO) t-ti li 4w i n1 1 tit-ast tt 85 'I

i 'lay 1(0, thetn iescettii-i to' 4 .7 ppfli Oxyg(ert was S fil I at itt hot 11 iT-Cis ott

tlay 12 .

The matroivtes tidii not be-ginr to sett le lit II day 4, but wen-e tnt I ceale

on the sed imerit suirface by the secnd' herb i ide appl 1 icat lol T he short -t ermn
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changes in phosphultus il expel imieltal and tot iul aedes 011 ,ach day of herbi-

cide application are listed in Table 4. On the first treatment day, no obvi-

ous differences in PP and SUP were apparent between the two sites. A slight

increase in SRP occurred in the experimental site 2 hr after herbicide appli-

cation, which persisted until 2000 hr. One observation was taken in each area

for the entire study so significant differences could not be ascertained.

Table 4

Changes in Phosphorus (p&/)_Before and Immediately

After Herbi-cide Treatment-in the Laoon

Soluble Soluble
Particulate Phosphorus Unre-active Phosphor-us Reactive Phosphorus

Time Control Experimental Control Experimental Cont rol Experiment a I

Dlay 1

0830 20.9 17.4 17.5 26.2 1.7 1.7

1200 14.0 29.7 22.7 29.2 1.7 1.7

1400 8.7 12.3 24.2 19.2 1.7 8.7

1600 ........ 0.0 7.0

2000 ........ 1.7 8.7

1130 3.5 22.7 14.0 22.7 5.2 22.7

1530 19.2 29.7 15.7 13.9 3.5 17.5

1930 36.6 3.5 17.5 27.9 0.0 19.2

On the second treatment (late (Table 4), day 6, PP increased in the con-

trol area and decreased in the experimental site. Strong westerly winds may

have mixed PP and possibly endothall from the experimental site into the con-

trol site, thus contaminating the control site. However, higher SRP concen-

trations were recorded in the experimental area, but a similar trend was not

apparent in the control site. Plants in the control area did not seem to be

affected by the herbicide and remained firmly standing in the water for the

duration of the study, indicating that herbicide contamination in the control

area may have been minimal.
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B. Microcosm Experiment 1.

The number of plants in the experimental and the control microcosm in-

creased by the formation of runners. During the early stages of population

increase, young plants grew well, producing a tuft of leaves at the apex as

plant heights reached the water surface. As microcosms became crowded, some

of the newly sprouted plants ceased to grow in height and instead became thick

stemmed. Turions developed on the plants 1-1/2 months after germination.

Prior to herbicide treatment, the control microcosm total standing crop was

2 2
17.2 g/m and the experimental microcosm had a standing crop of 13.3 g/m

g/2
The control microcosm contained 326.3 mg/2 of macrophyte tissue phosphorus

whereas the experimental system had a macrophyte tissue phosphorus content of

287 mg/m 2 .

The granular form of entothal I (Itydrothol 47) was appl ied to the exper-

imental microcosm, the intended concentration being 2.( ppm of the active

ingred i en t . rOne day after herbicide treatment, experimental plants began

wilting and werc noticeably discolored. Within 1 week, the macrophytes had

settled to the sediment surface. L.ealf deterioration began during the next

2 weeks and by day 20 epiphytes had colonized the decaying plants, giving the

a green, feltlike appearance. Although data were not taken, epipelic algal

growth appeared to be extensive in the experimental microcosm when compared to

the control microcosm on day 20.

The phosphorus status of the microcosms is depicted in Figure 8, each

data point representing one observation. Before herbicide treatment, phos-

phorus fractions were similar in each microcosm. After the application of

herbicide, PP If luctuated for 2 weeks, reaching 37 and 41 pg/9 on days 3 and 9,

respectiv ely, before descending to the control concentration on day 10. In

the control inicrocosm, PP wavered slightly for 8 days, decreasing to lower

concentrations after day 8. Soluble unreactive phosphorus was slightly ele-

vated in the experimental microcosm for 6 days, then a pulse of short duration

was observed on days 8 through 10. The accumulation of soluble reactive phos-

phorus was rapid for the first 4 days, reaching 47 pg/ V on day 6, then de-

clined steadily. SRP in the control microcosm was not detectable throughout

the experiment.

The expanded short-term changes in phosphorus before and immediately

after herbicide treatment are depictc-l in Table 5. PP levels gradually
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Table 5

Changes in Phosphorus (jA /9) Before and ImmediatelyAfter Herbicide

Treatment in M.i-crocosm Experiment 1

Soluble Soluble
Particulate Phosphorus Unreactive Phosphorus Reactive Phosphorus

Time Cont ro 1 Expe r ierital Control Exper imental1 Control Expe r i mental

Dayl

0700 7.0 10.5 10.8 11.5 1.4 0.7

1800 23.2 7. 1 8.7 13.9 0.0 0.0

2330 10.5 19.2 8.3 8.7 0.0 0.0

Day 2

1000 17.8 32.2 5.6 6.9 0.0 0.0

2100 12.2 10.3 7.5 13.2 0.0 2.8

Day 3

1100 16.0 25.4 7.3 12.2 0.0 16.0

1930 20.7 39.5 6.6 12.2 0.0 22.8

Each value represents one observation.

increased in concentration by 1000 hr on day 2, fel , then increased again by

1930 hr on (lay 3 in the experimental microcosm. PP increases were less exten-

sive in the control microcosms. The SUP concentration began to increase by

2100 hr on day 2, remaining slightly higher than the control level, until

larger pulses occurred on days 8 and 10 (Figure 8). SRP also began increasing

by 2100 hr on day 2.

Dissolved oxygen decreased after herbicide treatment, although the con-

centration never descended below 5 ppm (Figure 8). The sediment microzone was

light in color and appeared to be oxidized throughout the experiment.

The results of the measurements of chlorophyll a fractions are presented

in Figure 9. Note that the scale changes between the fractions. Water chlo-

rophyll a remained very low after treatment, and water and wall chlorophyll a

were similar in both systems during the experiment. The observed particulate

phosphorus increase on day 9 was not reflected in the water chlorophyll a con-

centration. Sediment chlorophyll a increased in the experimental microcosms
m/2

to a mean of 4.9 mg/r 9 days after hrbicid, treatment. Although data were
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Figure 9. The response of sediment. wall,
arnd water chlorophyll a to herhi cid(I treat -

mernt in mi crocosm experiment 1 . Arrow in-
dicrates herbicijde treatment

not Coll 1ectedl, the expe r imernt al mii crocosm had a dense mnat of epipel1i c algae on

the sediment surf ace and epi phyt ic algae colonizing the decompos inrg pl~ants

20 days after herhicide t reatment.

C. Microcosm Experiment I I

Mi crocosm exper imnent I I was condinc t d to reexaminie the Cf fect s of

Hydrotho I 47 on phosphorus concentrations in the water, but differed from
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eXp)eriment I in a rnumber of respects. Twelve microcosms were used in experi-

ment If to replicate phosphorus observations, and community metabolism was

monitored to assess the response of antotrophic conponents to an endothall

perturbation. The sediment used in experiment I1 came from a different loca-

tion, the West Twin iLake littoral zone. Lagoon sediment was used for experi-

ment I. This proved to be an important di fference in that the sediments from

the two locat ions had dissimi lar phosphorus-adsorbi rig capacities. Cuttings of

Potamogeton crispus were used in experiment I I rather than turions , which were

germinated for experiment I.

The cuttings grew in length throughout the experiment but formed few

runners, in contrast to the plants in microcosm experiment I. Many plants

grew to the water surface, possibly releasing oxygen directly to the atmo-

sphere and thus some of the metabolism measurements may be in error. Toward

the end of the experiment many lower leaves and some entire plants died in the

control microcosms. Turions also developed as tire plants mature(.

After treat ing the experimental microcosms with a dose of 2.0 ppm llydro-

thol 47, the macrophytes began to discotlor anu wi It within I day. On day 5,

the plants had fallen to the sediment surface, and by day 24, many of the

leaves hal disintegrated. Algae were )oL i ceale on the plants and the sedi-

ment surface as decomposit ion progressc d. The autotrophic groups in the con -

t ro I mi crocosm were Potamnogeton crispus , Chara sp. , and other algae, mai nly

i rjhijbi t i rig t he sed i ment .

The six control and six experime tIal tanks had comparable macrophyte

st.in i ri rops rnd t i ssue phosphorus contents I day iefore herbi cide treatment

T, ibi e ). Standing crop and tissue pLosphorus were lower in each microcosm

(o loipi red to expe riment I.

Table 6

Standing Cro and Macrophyte Phosphorus in .the Cont rol

and Experimental Microcosms (+ S. E.)

X Standing Crop X Tissue P22
g/ m 2m&/m 2

Control 3.36 (0.35) 89.93 (9. 17)

Experimental 3.70 (0.19) 95.55 (7. 19)
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Befoie hetbiide tredtaent, the mean PP, SUP, and SRP values ini the

water were not statistically distinguishable in the control and experimental

microcosms (Figure 10). In the experimental systems, mean PP increased to a

maximum peak of 25 pg/Q (±0.86 S.E.) on day 3, fell to 22 pg/k (±2.03 S.E.) on

day 4, then decreased to control levels by day 7. Mean SUP slightly increased

(p < 0.05, t-test) after herbicide treatment on (lay 7, then descended to con-

trol cuncentrations on day 14. However, unlike experiment I, the mean SRP

value did not deviate significantly from the control mean throughout the early

stages of plant decomposition. In the control microcosms, all mean phosphorus

fractions fluctuated slightly during the experiment.

The absence of an SRP pulse in microcosm experiment I1 suggested that

the sediment adsorbed SRP more strongly than the sediment used in microcosm

experiment I. Table 7 displays the sediment adsorption capacity for KH 2PO 4

The microcosm experiment I sediment adsorbed a net mean total of 93 percent of

the introduced phosphorus compared to a mean of 31 percent adsorbed by the ex-

periment II sediment. Thus, an SRP pulse was observed in microcosm experi-

ment 1, containing sediment which adsorbed phosphorus strongly. No pulse oc-

curred in microcosm experiment II which contained sediment weakly adsorbing

phosphorus.

A chlorophyll a increase was recorded in the experimental microcosms

(Figure 11). Although mean water and wall chlorophyll a did not increase,

mean sediment chlorophyll a was higher in experimentally treated tanks 15 days

alter herbicide treatment (p , 0.05, t-test). A one-tailed Student's t-test

was chosen, assumming that endothall killed only aquatic plants. The mean sed-

iment chlorophyll a value also increased to a lesser extent in the control

microcosms.

Herbicide treatment caused an brupt short-term change in the diel oxy-

gen pattern of the experimental microcosms. An example of a typical oxygen

curve hefore and 0 days after herbicide treatment is shown in Figures 12a

and 12b for microcosm No. 7. Before the perturbation, a distinct diel oxygen

change was recorled, and the oxygen saturation did not descend below 70 per-

cent. Herbicide treatment caused a drastic decrease in oxygen concentrations,

the saturation value remaining nearly constant at 52 percent.

No diel oxygen change was detected throughout the day shortly after en-

dothall application (Figure 12b). Oxygen changes were small in all experimen-

tally treated systems. As shown in Table 8, the nighttime diffusion rate
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Table 7

Sediment Adsorption - Desorption

Experiment I Sediment (pg/2) Experiment II Sediment (pg/2)
Trial Adsorbed Desorbed Trial Adsorbed Desorbed

1 219.2 1 100.1 11.1

2 219.2 2 80.9 12.2

3 219.8 3 83.6 12.3

4 218.3 4 83.2 13.1

5 218.7 4.5 5 81.6 12.9

6 218.7 4.7 6 89.2 17.1

7 212.1 5.3 7 83.2 14.1

8 219.6 4.7 8 78.7 13.3

9 218.1 4.2 9 81.9 14.3

10 217.8 4.2 10 84.5 12.9

218.1 4.8 84.7 13.3

Initial KH2PO4 Net adsorbed
introduced (pg/2) (Pg/2 )

Experiment I 229.4 213.5 93

Experiment II 229.4 71.4 31
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Table 8

Netabhic D atIa f romi Mi crocosmi No. 7 S ix D~ays After Hier)bic(ide

Treatment (Ing 0 2 /./day)

kIII gilt H total I , )N1IT 24-hr NIT lit Do lay
19)4 3Q 2 .16 -0 -(. ('3 -2.2.3 +2. 19 +2 .19

i2 11gl z N i gilt t ini respi rat i oii (1I2-fl. por i oil

R otj z lo t a) I res~ i ) rat L I il 24-li r iie r i ol

G 11 1) G os S p) r I Ia r\' 1) i'odlf t i v i t v

Nl'IT Ne t p r i ifary p odlicir Ii t diiri rig t he ilavlight

2-hl NIl Nit priiii, 1 rolmi~tvi to, Iduring 24 hir

1) N 1 l 911t LI lilt' I II [is I (oi 1 i1t a t lie sys t em11

1) 1 1,1vt Im i i lt i s I mi inlitok t lit- Sys t e'11

\, i h)k itmtl d I lit I I k , I ni \ xull cik li-i rige . SI Iwo. net pr ilii'ir" rdc

tlI v -Is fopI igl' spr i marv ' n piiitt it v -is jls( siii r to niight -

lii si t ii.Ie p r I .'1 wili h I i 'i ssiiiiii'i t he lw t( 5.iii a-s (L~Iv t I ilt e s ii j 1 i at il . Thlt'

A:, li I it I igilli 1 I , I 'lv pr i or to i le rh i( idIt t ri'.tmif it , th lit' i nt'f

G Pi 1, r.ifI t itt wIi si I girt I v gr.i t ur 1i 1ii i'e xpt'r iiienit'I I Ili rcisi l-

LII I ig IIh ti Iwa riot s taIt Is t i Ii I %, s i g I I i (',ilt . Flie rii1ilroplivtt-emi plrvtt' coiii-

p.-1orit -is thle dli ii t pjiiim ii i IT) i()l xperi iilIti andl ctint iii flu Lri oslls

''it ri lnt i rig 'Iim'r of 'i I pe' reit , wi I Ilc tin lit )1i irktori i c iiiiipiltit was t he rIt'xt

d pmlIli' [ t Il loum I tsii GI oIIwe of iv gt he blit g11 ii tc n t'xitt'ell Theiiriti I ill,] (1tihiisfi

t It Ii t t t i slt i s t ii 1 I s gil I t (liftn ext eiit

S ix l Iv If t e I Ien he i ci t Ie Lr t miirL , fill I c o o1f s~il tuf ( cIeise to a ueuil

t' t 2o mg n t'di ite expenrli(iit'I I Ill i roosis , wIch wa o.,Is s IgiiI I-

It v I I t hi th ltcut ri I ni I (rouiisiis (p 1) ()0.05 t - tes t) Neaf I]nIu ()iC'iiS [1

is [1'V t'is' ii he ionirt r I II , ci ('ncosils t o .1 sfifa I I er' exten[t , t.h I ie -

Io r lif.11. (1111 riiiu l et(-i'i Ili' h t' e idt l it 11i ( tinporirit s hal itiupits i ri g re'-

ii-.a I l~ iti'c Ii' he r 1) i dc t r'ea t ier( It . Il(,le iiu' Ii (nIt immplrt '-ep I p'lit v GT

dlit ntise'i to (I 1 Inirg (I /?amli,, s I gui It I I ant Ilv l owe r t hi n th mlieani u-nit I-ol raiLt,
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F i gi re I. Changes in mean gross primary productivity af[ter herb icideI

treient total microcosm GPP (A), percent productivity contribUt ion
by ch 'ompon"t (B) , macrophte-epiphyt e GP' (C) , benthic GIP (D
a.nd pl ankt on i c GPI' (E) . Bars represent st andardi errors and asterisks

I"l i cat e Si gi it i cant d.i.. crices (p '- 0.05, t -test

')f 1 65 lig ( /2/lay (p 0.05, t-test), while the mean benthic GAT increased

figure 1.02 Mg 0/2/daeiey, one pptv beyore herbicide application, to 1.84 mg 0, /

lay OHl liv 6. AlIt hogh t 1, mean hentlic (WI' r-ate alIso increased in the Con-

tr , t microcosms, it wat sinificautly lower than the treated microcosm rates

(t - r.0( 0, tt-test).

A (hange in the component dominating microcosm GPP occurred in the ex-

perimental microcosms on (lay 6. While the macrophyte-epiphyte component was

respon!ile to r a mean of 53 percent of the produ'ti nn in the control set,
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7.: perucen t of the( mean mni crorosm GPP was cont ribut ed by t he benr Liic . or11ioneriIL

in the experiment a Imni crocosms anrd the( mac rophyt e-ep iphyt p componenit ront rib -

tited only 20 percent.

TIwenty-oune dlays after herb ic ide treatment, the mean microcosm GPPl (onl-

Si noed to dfecrea se in the con trol1 and experimental m i crocosms , the expe ri-

r -ntal Imean Gilt) remaoininig sign ificantlIy lower (p) < 0.05, t -test). Meant

mlacropityt e-ep iphyte (',I'l did riot chanige f ront dJay 6 in thet cont rol1 mi crocosms,

butt decreaised furrther in the experimental set to a meanl 0. 11 Ing 0 2 //day . The

meain bent hi c componienit rate decreased f ront day 6 but ma iotained a higher rate

t han Lii, minea cont rol euit hic GPP (p) < 0.05, t -test)

The ma roplhv tt- ep iphyt e component cont inued to dom iniate ini crocosmn Gilt in

hrt cootl Ol 1111(,rocosins, whereas the bent hi c component rema ined th dW(oinn t

p codk~kl c III tilt, cxp r iinvlit a mi crocosms . The mean pe rcent mac rophyt e- ep iphyttu

iGPP (ont ciht in i nc reasedl fromt 53 to 67 pe~rcent if) the( controlI set, but the(

meanII pvre rit Ilent hi inoput dccl ined slight ly to 69) front 72 perceot ol day 65

if] -ciinlit a Isystemls. The mac rojdivtc-cp i piyt component cootrcibuted on lv

11 pf-lkclt to the inii cocosm 6T11 fi tilt expke iinentil u nit".

()n ly2), inicrocosmi (;Ili hado recovcccrd to conlt rol levels. III both ex-

peri 2ilent.1it antd (on
t 

co I iiritr; i n n irok-osi GI' i'ntirased, Component mea-

stiremnit, S eiri ot t~r( on this d.)V

rwl.,trt ,-seveil iItis t t ii Iteri i( I! trc('itnint , the betii c conillponeiLt rv-

i i ned tint lb illy 1110t prl Ili icr ni thet, xpercimeontal s\' t ems ; however, the next

loni laiL produi~cerc was th to mac roldwt c-epipfivt c componclt, . Since the( mac rophyt e

L ssue~ was 'lctriorit Ing onf the ,edinivia ,uvf ace, ind1( (o s igni f icarit regrowth

liat oui iir cl, thlis metariol I si was, bo, cp iplttes and wal 1I algae. Thbe mac rophytc-

eiphdyte cornijluerit ( ont in001 to hloniinr;rte Ilcodfift ioni in the cont roil nicrocosms.

Meiti net pr-inmary fpro((~I iv ity follIowed a si milIa r pat tern to Gl'l afterc

hcrbir i (I t certmenrt (Ii gore, 14). In1 tihe cont rol I nicrocosns , inicrocosu NPP

f I oc(t tii t ed bet wc('ri a mnean of II . 0t) mg (0.,/P /da~y and 1 .76 mng 0 /9V/day. Wh ilIe
2

ho thI expe r I inta I a nd ( onft colI setLs had s iil Ia r meani m ic rocosm NITP ra tes one

tryv before I( herb( ci'i t rc.i t nint , ('uriot hra I I caused t ot aI NPP t o dec I i ne t o

C.. 13 I ng 0/ /(aY iii t Iff i (x1)c r I imen ta I s y stePnis oni d ay v6. Onl day 25, microcosm

NIT' rrboundell to I rncjii o fI 1.8 mHIg 0 2/P/dary, whic'. 3~ similar to the control

r~rtv of 1.74 Ing 0 /Idry

rhe nuidotii 1 auscd .r decrease in the macrophyte-epiphyte NPI1 rate

,, iils oif -0.0(6 rlig 0 /Q/itay by dlay 6, and( on day 21 , the mean rate was
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Figure 14. Changes in mean net primary productivity: total microcosm

NPP (A), percent productivity contribution by each component (B),

macrophyte-epiphyte NPP (C), benthic NPP (D), and planktonic NPP (E).

Bars represent standard errors and asterisks indicate significant dif-
ferences (p < 0.05, t-test)

0 mg 02 /Q/day, while in the control set, the macrophyte-epiphyte component

maintained a mean rate of 1.26 mg 02/Q/day. By day 27, net primary productiv-

ity was apparent in this component of the experimental systems, the increase

probably being caused by the epiphytic algae.

While macrophyte-epiphyte NPP declined initially after the herbicide

perturbation, mean benthic NPP increased in the experimental units. By day 27,

mean benthic NPP had increased further to 0.78 mg 02 /V/day while in the con-

trol units, benthic NPP remained low, fluctuating around 0 mg 0,19/day.
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The mean planktonic NPP was similar in both sets throughout the experi-

ment. Before herbicide application, small net photosynthetic gains were re-

corded, but by day 6 both sets had similar mean planktonic net loss rates of

-0.45 mg 0 2 /2/day. The rates then fluctuated slightly, remaining low by

day 27.

As shown in Figure 15, mean microcosm 24-hr net primary productivity

rates were negative in both systems prior to herbicide treatment. In the con-

trol systems, mean 24-hr NPP rates steadily increased to a positive 0.47 mg

02 /k/day by day 25, then dropped to -0.35 mg 02 /Y/day on day 27. The
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Figure 15. Changes in mean 24-hr net primary productivity (24 NPP):

total microcosm 24-hr NPP (A), percent productivity contribution

by each component (B), macrophyte-epiphyte 24-hr NPP (C), benthic

24-hr NPP (D), and planktonic 24-hr NPP (E). Bars represent stan-

dard errors and asterisks indicate significant differences

(p < 0.09, t-test)
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herbicide caused a greater mean net carbon loss I rorn the experimentalI systems

Of -2 .35 mg 0, 2 / /day on dJay 6 , but by dlay 25 , the mean 2 4 -lir NIPP rebounded to

a1 posit ive 0.25 mg 0 2/V/day, similar to the control rate.

Betfore herbicide applicat ion , 24-br NPP varied bet weent the thfiree c omplo-

nenit s . Thre mac rophyt e- ep iphyt e componenit was respon siblie for net ptho tosyni-

thet ic gains to the systems I day before herb ic ide treatment whi Ic the highest

net losses were from the benthi c comporient.

Oin day 6 mean 24-lir NIT in thle experiment al systems dlroppedf from a pos i-

tive 0.89 mg 0./2/day to -0.63 mg 0.,/2i day in the macrophyte-epiphvte compo-

lien t . Thel( rates recove red by (lay 27, prestimab ly because of ep iphyt ic p roduic-

i on. In the colntrol svstems, the mean acove-pihte24-hr NIT remairted

pos it i ve anti f- I tic t titat e be tween 0 . 7 5 and 0 .88 mng 0, / V/ da v.

Wh ilIe a sma 1 I benthIii c ne t p r ima r\ p)rodic t i v i tyv ga i n wa s reco rdetI i n thfe

experimental aqularia onl day 6, the mean, 24-br NIT rate was -0.62 mg 0 /Q/dav.
2

The mean 24 -fir NIP rate then inlcreased steadi ly to 0.22 mrg 0 2 /2!/dav by dlay 27,

The cont rol mi crocosms had s imilIa r tren-ds bilt lower valu tes, and remta ined nega-

t ive by dlay 27 .

The Plankton ic 24-hr NIT rates wtere si mi I at for both experittiental and

conit rol ini crfOostts thItrotughout the expez imtent . The rates were a]lways negative.

but f I ttat ed.

The rneanl mutcroet;it anid comp~onentt cespti rat ilolt rates ire, depi cted iii Fig-

tire lb. Before t reatnrt , mean itecrocosmtt H rates were st ni I at in conricolI and]

expe r imerit a lt it s. Th'le bellt i (ittjrent (lolotti ia ntel resp i rat io(n wieI tilie

nta rphy eepi pty cand plIantktotti c hld si m iIa r but stiA I Ir coit r ihbtiOis.

IlI the expercimenit al syst ems , thle mean tnrc tosmi H tema inedl coustantt liv

lay 0 of herb icidte t reattttent wileI the control m rean raite stecad i l dccl ined

rotm uha 0. The stista ined tni crocosm R in the exp~eritierital1 systems was caused

by slight incrceases in the meain macrophvte-epip1 hyte andi benthi c component R

r atevs. However, these component i ncrceases were not statistically di fferent

rorn the cont rolI ma trophyt c-eli phyt e anrd benit lic compionen t R rates.

Twenty-one dlays a fter herbicide t reatment , the experimental mri crocosm R

had declined to coutrol levels. Art H value of -0.14 mg 0 2 //day occurred in

the mac rophyte-ep iphyte component because the cy] i nier rates were slightlIy

higher thaii total microcosm rates in many cases. There were similar cases in

the conltrotl unirits (in this dlay also. Al through hienthi c R was only sli ght ly

higher compa red to the coint rolI rates , t lis c omponen t remained thle dominant
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Table 9

Changes Occurring After Herbicide Treatment in

Microcosm Experiments I anid II

Characterist ic Experiment I Expe r imenit I I

Mac rophyte standing Hih g r Lower than experiment I
Crop arid phosphorus

CIr.lilges ill P, li gihe r ul se Lower pulse than experiment I

Changes ill SUP Ifi ghier pil I se Lower pulse than experiment I

.h,1r ge. ill SRI' Rip id pil I se No pul st

lvateor kiloriphv 1 No i ik r cis N, increase

iI I chI o rophyl I I No ii' t No increa:! ,

st' ltllll 'rlt ( hlto r-q ,1 1 I [ ll, r . lilt I i,r

I I ti I l '' De(irtiscd re lit ivc to ( lit 'oI s
t'h l ' l''lrh,lht Vtl t t

'I,,r ok s Nr PP [,lrease' re ativ to (e t rI,,,

'Ii ( , - 'S 2 4-hl NPPi 1) k te i dS, c r- t .i t i e Lto ( o ItrI- s,

t he'll reh'lotlildedt

.l t ', )'II kr sil{ l e c'r ea.s (I r cIjL i v c to c oi it iIIs ,

then fel l

' t il P1/) ect reasted it cIit iv e t o' kont io I s ,

t''en rehl''trld

Std1llirllrt .Ids rorpt 1lio St rtng Wt'ik

op ic ity f oIn Kt Pr

1'I'sc''l ve loc 't Ir l ,1t - clIttrel (1Li gt - colIo cd il lii k-ro 7,tni

rut llin n L lt Ili ( It ie"nr

I I v ud , X Y Vr Ir j'pin . ) ll'p

St at Iis
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IV. DISCUSSION

nhe i ipact of hierb ici de t.reatment and( macrophyte deromtpos it ion onl thle

phosphorus coticerit rat lonl inl the water need,, ir ther el a r i i ca t i onl. Lia 1 t 0 '; 'r

stutdies hav'e shown t hit Phosphtoruts is ratpidll Ieached Ifron the t is sile of her-

1i ile-killed (Nilhol a ntd Keentey , 1971 tild, ititir.)It lNv ly ing tIjulat IC p 1 tls

Jwl 1 1) , I ; CI Iplerte t, ill Adilfis , ( - lHil -Wi I I iju1 lto JIxD i Ps, 7ti

Jim leilirilplitnirs nix'l lwoiti tdsotht-d to) ili soed 111irit 1i i snl ii1l

ttiiil ili 1 h It ittili Sl~% 1w ItI rsi l t I,t t1 Jo' 1 li ne."wi 'Iw t1(0%.tI

_)h _ )'us 1)"t 'on ]it rophv u n rilt~i it I t Jo, 1i t It %,jI 'I i i t u ift' i-

IdI I

Hi imliwts Ii I ili il stink, .1t

itt' .li ~I'tl i t r[x lide e I Ile c ta

Lttstirl slit its t liI Il '.itt'I iiiitl i iil,' If, e I kill11 I ig Ptavm vgeton ) cipu

wi~~~~~~~~ lnt itift litt I I d I tlorttr fit trtofi I tti te mIi til riliiet chage Ii

I i It t ir t" I I I I tri itini It 1 nitilil tIgj sci t ti, uhfIi I pot pholilmrIle c hanil g e

sI r ll I t it , it ef c i I I tll i t ' A t int irft hal I s t111 yp ;it i (i t) roI de evidnce t hatf

wPotamogeton I t I [rips u\jtcrIine iitt ,rkIIln oaoeo r

Tl(Tete t11irev sivir I I hlurt m iings to the mi croisit expierimfenlt .The oxygenl

Chiriges used~ t let erititM itI 'int tv met thbo i tsm were smal I Ithroughout thue en-

t Ire stitidy, tild it as Ils evideuit frim I ight/ilark hiitt le changes antd wall
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and wa t er chlIo rophyll a i a ta thla t the pl Iankt on i c componen t wa s neg g gi hi e and

p robabl Iy not a reaIi s t ic rep resent at i oi o f fi elId corid it i ons. Two possible

factors may have caused this: (1) the glass subs trate was not favo rablIe for

wall colonization, arid (2) the init jal low SNP omrentration in the water may

have limited algal growth. The findings of Ba rho et a]. (1977) suggested that

sonic beirthi c algae were of pelagic originr. With little water mixirng anld ini -

ia I low SRP concenrtrations in the nicrocosms , algae prohably sed imerited and

inhrabrit ed thle more pliospirol-In-ri cl sed imerit; hence, thlis was the pr i miry alga.

group fi tilt, m icrocosin studies.

These det~i cieries might. hie iimprovedi wit li highier interns ity vli ghtinug arid

cruit ioos stir ring. Spec ial l i ghitinrg wi ch si mui at es more a ccuirate ly th lir-i

r~ti iace oit t lie still may' icreaIsf- thle pr luc)t ivi tv of ill plot i~s tirt i ( combul

rient. s . 'los t p1 arrktonr e Ir v oi- water fitirx i rig t o mrj i fit a i rr f I it at i ()if . Ma i rrtj .r iii rig

,coristejlit currenrt wili(i li ould tnt list orb Lte sed imernt migirt impirove tins

1) rid1) 1i.ll I tl 1S t i ir r Fig , oxvgen graii eit ts wmii I dbe elI ur f t Le1  a lid one, o)r sex'v-

rAlI it irs iiti toct tic irits could be i i-c , douiprildinrg il the []fixinrg tilme, to

11 it te omunriiit y rue t a hi i si miore rciirt iv I) ji li 5 Iiii wals prcil Offt'r

iris t ( t- it Ia I e I ruent Iii te lir t Alo I i ie I cii Ir t i otis , inil i t s 11 rc i se let e r-

ilIrci~lt Ioff I s (es.eir(t i a I bor miy dIi s t 11i%.

Ii I ht Ii ill c i ( ( s st lil i ('s , lii sp Ii iis srs.i is s ii L to hie t lit, c I cirrernt I III-

i t irrig jIlgal lromi Irt i ,, i rtt no atiit s mLi,-s iratie t ( o Ii I irm ttirs1siti, fo r

IrI,;tIrI c e , ;j 1 lIi gar I 'isI De l~ti-oril ii I g L to(- I I ili t i tig ruit r i eit sir 1 1 li ave

g reat L s ifdhstiari t i ;tLel t ie re -su ILs o I th11is stir1-1% Ilosvrl, I t is sill W.rc- IV

cepltrit that I'liisliirirris is iii unhurt un. I IrilI t Intg ira c irtit ti '] lgal growthiant

laiker ctropiiiit iii (s;ee losers et Al. ,1 ) 72

A . l'tospulorrrs .

I. (,.I I ru t I\" pilho slihirY11s maccirirr lit it'll ill til- t' it t yi -,]r I hets%,eer1 the f

tLir o- expe r Irr11cit s . ll the t irlit stuldy-, ii1 RI pl se idid riot. oc cur runt i I day i

otf tire, f i nst a pp I i cati L err, da te( , hii t SRI' arcc tmu I a t el i ii t ire s-atec r s it If i rr 1 days

ii i ii ( rocirsin exirer imerit I . Threse ititt ererices coir li rve, been thel resuilt oif

I ir tmi I e ms i ri sca. i i rig th nr mi r oro sir ex 1rte-!-i rei t w i ti tir I i l I s t irIyv. 1) i I I e retnfces

iici tIrec s e riei i),it si r f-ire f to wsat er voi rune'- ra t i a t an(I thiie Inri c i d cc ortrece i t r at i o iI s

tret wren tire twor svstens , proirab Iy aftf reteel tire, dii f firs ion of herb ici ne arid its

i m1)al t oern k iI I i rig t he pl a nt s. AlIt t horiglIi t hevii utenirlderci c onic enti ratL i oni of 1 .0 ppm
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of t'ntothal Ii i the field study was hig~her than the conlcent rat ioils of 2.0 ppmn

uist-d t or hot Iffil ic rocosmn studlies , thIe surface to vol I une rat io was three tiies

IfI ghe r- i t he fitI it rocosms. The fi i c rorosms we re friotL phys iraj I lv scalIed t o theit

I Igomi , artid i t i s I i R v t ha t tire eido t it I I sp read iro re rap il (Iv ili tire, sinai lei-

vo Iune SII I rocosiis t flra[In ifi t lit' l agoonl, fray i rig aI fa'IsteIr elI f ect oir tire, p Iants

flowev r , tie I i (I Id ari1d tlhert' u c rot kuSsr expe'r uncuelt I s t ii i (s showed thait

SRI' k.111 a1cririrIrrrIte ill the wajter for- i ifort perili (If tire if te(r Irer 1 IrirIt,

treaItilit,'rrt 'It'e SRI' Jirl I Ste %J fit O.rSriIrrh1 I V tir IW s It 'if 1 lear rig f runil (Ier,, A\ rig

Potainicuaeton CrIS pus . 'IA t Sk P Is"j ' (il cIt of plit tIi' rIt, it r I IrIis 5Il1lu

pt'iItt' d li tilit, S'phlialtx Itrai t IInIu -it r i 11 1t I]'\ v Iti II t c f" r'ill I Ie m.run 1

Il'1ro' lv ("a r-pr'nt ei riot A(liris ( 1978S I. 'I ev t, v LI I l t lr~r t pho Jils l, I I I k frt'I r ml

Myi-iphyl1UH? picaturn was enii -' yc 1 o i f I lie par t I ciu I i t I' Iu il itII rtil opwS pllt

(Imsi~uhj . tr .spiec a, th h sp ( ci, ( lv r Ii l t 1 1 tit

lwit'ri inrrp 'rtiit I Ii (,tch s t i iy 'I- I t I intl r1'I i ni ii I 1''l .2. fi ' g r., I,

rI hc t t m ):rt L on C Ii (i' fIrrig nil I t i it' if c , i r 'x tn Ill t 'i r' III- t

'l'tI'iL 't t lit' h It Ik 1 'Jirii1, (I. S' In Ihovc the ser hulnt Siltj~ itt it g ri, .' cI-.

it tier sLtud I es tfl I oi rig oxc'gi'r in1 (1 plosltlilriis tu's 1iii il'] )I' Il It-

I t',ittIt pofids 11il o r i~ ) lijvt'I murnt 1 Si-,PIn ritrt'sts o'cii11rr rig oil Iy (Ilri rig Ox\'-

gr'ri 'h'pIr',t I I I ofI thet IItt'r irid st'kl unent Ili rt'lict I(it ( %; I cr. , N I)3 S ins inrii

e't a 1. 1972 1 i I lvIif rg Itha~it S RI 1) 1r I sr's c r ii si' , iv y p11 aIr t (It ('011111M S sIt I Our COH 1l l1It'

thet nesir It of tlt,' rt'lrc I rig tiy i rorirreit , Ilispholris rot lit' I rig 1 initIf tec Iv Na- (

so rl'r' t o t fIt, sredI nrrt'rit . oil tilt ithlt'r hind , thlest' expierimerntrs 1 t' iso li oi' I I ov

dlii I v tIr ariges ill SRI, af 14r her, -h)it. jit' t I u'at ruerit '.l. re SRI' pit' in iII k crok I'ccs

ex p e r Imeit I was Very list irr('ttarrilldc Il iedu rdapit 1 :v a it c tr' tlt' foufr th '1 LIvN

SIif rie t he i ' roco sms we re s t a t I c , ho s'Ir-o rius rovemr'nut (ifit ofI thef( sed imenitt

woulId p roha h Iy he thItrough mol cufIa r d Itt ir s Ion , wi ic f iIght riot accounit for- tilte

raid i piulse. A I -cm-th ic(k, I i ght -co11 r1d nni crozorre ahbove diii-c r sed1 i merit wats

also appa rent throughout the decay prot ess tif Potamoge tont crispus fin thelcx-

perinrnt I mi crocosm, suggest ing that tire' seimnit mayV have heerr oxidi izedi, atId

had the capacity to adso rb SRI) The s'd i merit -adsri irg capa cityV was highi

(93 percenit of the intrtoduc'ed Ku1P() I fin hotir the f it' 1( study and tire
24
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microcosm experiment I I t this were the case, tie present results alSo SUg-

gested that i t the sediments were oxidized, SRI' leachate was sti 11 temporari ly

avaIlable for algal assimi lation aind did not quickly become adsorbed to tie

stel i mitt

Ii corit rast to t he above studies, io SRI' pulse was recorded wi th 1 i1 tie

first 2 weeks of plant decomipos it ion ii iiii rocosm experimeni t II The Ieahe (

phosphoruis coil I d have been taken up by other autotrophs or adsorbed to the

sed iment. The sediment Used in each microcosm experimert came from diterent

locations suggesting that the differen es iii the SRI' responses between the two

experiments might be accoiiut.et or by (litle rerices iii the sed iment-also rbing

capacity for phosphorus. It was hypothesized that the sediment used in micro-

cosm experiment I1 was responsible for adsorbing a substantial portion of tire

phosphorus leached from killed Potamogeton crispus, result ing in no pulse,

whereas, the microcosm experiment I sediment was thought to adsorb phosphorus

less strongly, explaining the SRP pulse recorded. However, the opposite was

rioted (Table 7). Microcosm experiment I sediment adsorbed phosphorus

strongly, but microcosm experiment 1I sediment did not (31 percent of the

introduced KH2 P04)

In both microcosm experiments I arid ii, an increase in the sediment

chlorophyll a was observed, suggesting phosphorus uptake by algae. It is ap-

parent that SRP was available for sediment algal assimilation after herbicide

treatment in microcosm experiment I. Furthermore, the absence of an SRP pulse

in experiment 11 suggested that a rapid transfer of phosphorus from one auto-

trophic component to another occurred, resulting in the assimilation of a por-

tion of the leached phosphorus by the sediment algae and a consequent chloro-

phyll a increase.

Laboratory experiments employing 32P have discerned the movement of

orthophosphate to algae or bacteria and the sediment. For instance, Haye jil

Phillips (1958) found phosphorus accumulation in the mud was decreased by

presence of bacteria in the water. Moreover, Sebetich (1975) and Whitaker

(1975) demonstrated that 32 P added to microcosms was immediately taken up by

algae, the sediment accumulating the majority of the phosphorus later. The
32P studies suggested that no SRP pulse occurred in microcosm experiment II

because the sediment algae quickly accumulated the rapidly leached phosphorus.

From the findings of experiment 1, it is presumed that tie sediment algae as-

similated phosphorus lost from herbicide-killed Potamogeton crispus as well,
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which resulted in a chlorophyll increase. However, the macrophyte tissue
gl2

phosphorus concentration of 287.0 mg/r present in the herbicide-treated

microcosm of experiment I was much higher than the mean concentrat on of
gl2

95.6 mg/r estimated in the experiment II microcosms. This was the result of

the greater Potamogeton crispus standing crop in the first experiment. Exces-

sive phosphorus Leaching from the macrophytes in experiment I probably caused

the SRP pulse during the early stages of plant decomposition.

Particulate phosphorus also increased during the first 2 weeks of plant

decompos i t ion. The pulses were more evi dnt and (ist inct in the microcosm ex-

periments than the field study, the static conditions of the microcosms possi-

bly magnifying the fluctuations. Particulate phosphorus also appears to be a

product of the rapid leaching process, as demonstrated by Carpenter and Adams

(1978) in vitro. Water chlorophyll a did not increase, which would suggest

that the leached phosphorus was being taken up by the planktonic algae and in-

corporated into a particulate form. Rather, the PP may have represented fine

particulate matter leached from the macrophytes or phosphorus accumulation in

bacteria.

B. Community Metabol ism.

It appea rs that before herbi c ide treatment , the mac rophytes made a sub-

st ant a I cont r i but ion to the microcosm gross primary p roduct ivi ty, net prima ry

prodlurt ivity, and 24-hr net primary product ivi ty. That the epiphytic contri-

bution was small is inferred from the significant decrease in the GPP, NPP,

and 24-hr NPI rates of the macrophyte-epiphyte component 5 days after the per-

turbation. Had the epiphytes been more productive, the decrease it) these

rates might not have been as large. Endothall may have been toxic to the epi-

phytes also; however, no differences were apparent between the control and ex-

perimental wall chlorophyll a concentrations after the perturbation.

The benthic component made the smallest GPP contribution and had net

carbon losses before herbicide treatment. As a result, microcosm P/R ratios

were below 1.0 in both sets. A high organic content in the sediment may have

stimulated benthic respiration, although this was not determined. The low

light intensity was also probably a factor because all components had low pro-

ductivity rates throughout the entire experiment.

tte rli i dt te atmtilt tau.ed d -eduction in the microcosm productivity
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reported that aquat ic weed decomposi t i on can be more harmifuil to the water

qua l i ty thanl decaying phy t opl1ank ton be. a use a larger pe rcen t of the t issue is

potenit I'a IiV decomposable anid decay is faster.

The ecu I ogi c-;] s igui ficanice of this study is that the metahol I ic recovery'

depended oin a shi ft from mac rophyt e to alIgal domni nanrce in I i gh t eniergy f ixa -

t iln. Mi Icrocosmn GPP ,N PP , ando 24-hr- NIT retI)ounded a Ifter thle her b i c I de pert ii

ha t i on because bent hit.-, anti later ep iphyt i c, net abo I i smi was st i mu I at ed . Wa I sli

e t a11 . ( 197 1 ) alIso rioted that phytop tanktor product i v i tv I nicreased s igiii fi -

cant Ilv a fter the (lest ruct- ion of macrophytes .Furthermore , the rec.overy of

comniniii tv met al)( I i sm anrd i nc rea se ini bent i c c I o rophyl I Ia were appa rernt I as -

soc i at ed w it [I the movemnt of phosphorus f rom Potamogeton cri spus t o the ep i -

pci I c aIgac ... A It hiouigh notL shown i 11 t h j s studyIV, phoso~Orujs Wa S i nip I i ed to be

tnt c i ri1t wh I cli I irII t el a IgalI g rowt h. The recove ry o f coniniun I ty p )rotirct Liv-

tv to coritrolI rates was probably rela ted to the rapid reproduct ive ab i Ii tvL of

the algae.

Thie recovery of ic rocosn metabroli sin inrd irectlIy supports the hypotliesis

reported byv Menzel et alI, (1970) arnd kRhvtlier (1970). Mernzel et al . (1970)

tturIld that clo0r ina tel iryti rota rboIis did nott have the samre effect on di fferernt

di a torn species , arnd conclud iretd that p trssuld mfiro re l ikeliy atffe-ct tlie domrri -

rnanice of specs rai ther thlir des trov tlhe ent ire fuinct ion inrg of Ia corimuri tv

Resi Starit sp(cie's Wotuldi adapt to the st ressfurl si tuat ion , becoinrg opportu-

nist ic invaders. Rirytlier exparntetd on this idtea arid addressed the probleml tori--

cern inrg thie fate of tire global oxygen f-a Iarice withi cornti nured toxic waste tdumrp-

ing i nto the ocean. lie also issertetd that a stress imposed oin I systemi wouldIt

result ili a change inI the dominance of species, and imipl ied a sill Ift ini tire

flIow of energy to res istarit autot ropis . Copelarid (1965) reportetd simi lar

f ind ings from light-stressed marine mit.rocotsilis . A reduct ion in I igirt iteri-

S i t v cauised a shift from tirrt Iegrass to blue-green algal metabolic dorminanuce.

The hblne-green algae hut]d a cormpet itivye advantage arid were able to adapt to thli

light stress.

In this s tutdy thre herb icidte perti. rha ti on stimiunlat ed fuirthter success ion

as protduct ivi ty became doiminrratetd by a bloom of quickly growinrg, short-ilived

AIgae . Po tamoge ton cri spus , Cha ra spp .,i rid aligate were re'sponisibhie for rrrrc ro-

(osui prodir t ivirty i ri the cot~rtrof u Cro.osis . tOdrrr ( 1969) has pointed toit that

etosyst emi level oprient c an be prushed bac k by a I Iogeric f orces to a less maultire

or "bloorm' state by, for inrstarnce , the aid ition of photsphorrus or of other



nutrients which subsidize produtivity -ill lid itiiU. tiit. ,h,-vt-iupiiiht

and nut r ient cycI inig in the nil crocosms by dest ,,v Iig Potamoqetor C'ISpuS,

which cauSed the accelerated r 'Iease ('t ph p l i t .III tilt- t , thereby

promot i ng a sed iment algal I oom.

While microcosm letaIbolism did rectoveI, t I e lt.t i I st i liit,€,scd ,,

tle ia rolhyt c- pili yt ' cotlipolerit (.1tused I gilI I I( lilt lt1t I | ti . i t t.1 i-

crocosm metihol ism, ind oxygen (ol(en ittt i , at'( I .', I e irIr Ih'. I

sponse ,as probably one ot several op ss ibl e Ies Ilo l (se that n, I ,I i I Ii I

system, dependinrg oil the llilllpo tanct(e of thtec t I lot i,,l nIl~ t t II. Ii ' 1IITIIii it'

metabolism by the stressed cOmlponient . For I list aS e stres Itg t he algal ,.-

ponenit may not have caused as large a deflect i oil I coit lmmun ity pi ,(I t ivi t v

With the use of herbicides, management plans must (onsider th.it stres,ig

component important to the metabol ism of a commuii i ty can I ead to a temprary

decrease in the water qual i ty fol lowed by the invas ion o o110rtuni st ic site-

cies which may then become a further nu isance. Plans must weigh the economic

and recreational importance of macrophyte control against the possibility oh

having other pest species and fish kills on their hands.

The use of microcosms to study the ecological effects of an herbicide

had several advantages. The most important point was the ability to control

and manipulate certain factors which could not be feasibly done in a field

study. The amount of Potamoqeton crispus biomass could be controlled to a

certain extent using cuttings. Although the plants grew after transplanta-

tion, runners were rarely produced. In future studies with aquatic macrophytt

communities, the ecological effects of an herbicide on different plant biomass

levels might be investigated using microcosms. Partial answers to the ques-

tions of oxygen demand and the extent of phosphorus release following herbi-

cide treatment could be used to predict these events in the field. The impor-

tance of the sediment as a source or a sink for phosphorus could be assessed

with microcosms. Different plant biomass levels could be combined with sedi-

ments of different phosphorus-adsorbing capacities. Questions could be asked

about the metabolic and biomass responses of algae to herbicide treatment whe

the sediment has a high phosphorus-adsorbing capacity.

The microcosms are replicable and easy to monitor, allowing the investi-

gator to examine a range of possibilities. Studies on the effect of different

herbicides on microcosm replicates could be performed. Several parameters can

be sampled easily, more accurately, and at closer time intervals. Mlicrocosms
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ou iLht sk a ied Lo s LUdy Life i [if 1UIut're of 1VoUrIeU11 anu mlix ing vl i i Ibidv~l- d If-

t is , Ia t Iv i tV oil plants , and phosphorus accumulation in the water. '[lie utse

t tit IIrokotn f(11or- corit rol anid mianipulfat ion may enhance field study reSltIs and

I rI' t ttieie 'xpie r i en I t o s o 1Lut ion1S01 of fielId 1) rob)Iemis.

1-. x es v;I ve IaIila t IC wee g row th Is a sert-i ouis p)rot)lIem witi cii dema nds i mmel (I

itit t init ii l tor- re ridt tornalI , aesthtLi cI anid commlerci Ii reasons; - erb ci he

i ItI)ii 1 pre s it lv a ppea rs t o he a t e as ib 1e me thod f or ma crophy te t oilt r(LI

thelt, 11,1 It t et fi'cts it heic 1cI de t r-eatmfieit a ct t o bo th s tre ss ai d

sos ! I/II &L~~itIi t v proic: t Iv i tyv anrd resp i rat ion , respect ivel1y , Wlii l C-t arl 1 eal

t 1,(1 .(Iss iiI oxvgill'rild ot her w.ater qua~ I i t v pa rame t ers . Inl generail , it ap-

15-, t Ihit Lkiiiiliiili it v il'~ In'lo i "fli recovers I roill a herbi cide pertuirbat ion. iow-

I' ,I thIs c(v LV dependius ofif a t elifo ra ry sii ft iii the( f- low of energy to non-

tlIn gtet sptI' Ii' , I .c. alae. T Ifv si It L, inI pa r t, Is c-;I iis ei by) th[Ie s ca v e ifg I ig

f iolt I ITit p I '.it I(i IIi r I v phio5)ho i-is, I- hI di tIo rile r I v' I I iti it ed theit i r g rowt f1i

1- 1 ,a I kike lliniiageieiiit st itidipo it ,the( st iniil L o iii otI re s i s t arit s pe' ct'e5 g riittt h

I. i i (I I Is I, , 'iti I I v issI I It Isvtyiig p)ro Iviiiis

Sit.In I-ilii-i's I ,tltlic uen t s uy ,Li 1heap I i (,i t o I a ke nriai'nn'rint

L 1~ us Is fl iI II iI It 't- t o CLfit rotI ifiii t ic weed p rob I elis, .iiidotlha I I t rea tmerit

t [l Ifil I I c t Ilv ( tiiL (,fll)() rary fihosphoIriis I rIf(reajses iii1 fthe,% atecr- bet ise thef(

I, I c iiot Is I c'ii ( ii f rorirlt tit- p)1 alit rr.i t fr i a I dli rI Ig ei'iiiu( cin',. I'( mnagni I t iofe

(' I posph )rI I , I iit ric'ij"iv5 1 r o 1)aiL) Iv iL'fLLliLi , Ii plilrt on t he stanilii r ig I. Iop ofI

nijIi rLLILivt Ie t I ssoi' Iiisforiis at theit t 1ie coI t r ('.I tlIm . 1 I rid t tii' asIs inn11 I at ioll

t I ( I to I f,'s of t lie, ionta rget sp)c ( 'cs 'Ind s ilI "I I t I "I t hi' I uI ( he 1i11 t opal lLft~

pho i 11It(,ii 1 iir i ri m ly Iat l'olib t 1 deat ii . (Xliit I (iLr siIl~ I d heL isnic %WI tI t f t eiv I dilLL'c

t r ol t tt, I v tI Il s t idt bet airst, t Ie( ra i 1)1( tyv of t lii' it f cit s, of eltlio,1t 111 1 w II W I' II't

tI i II rig i t , t ox i i c f f citt s5

N.1I lag i- LIit IL 1l1iIf! shoillI I ~I (L l o I Ii er ti' i ft' I I I c IL f t t hei lilt I '-Il k' v~ iri [t s-

Potamoqeton Cr'iu g-IStSyrows r-ipI ilIv 1 11 ti sp1,,r ig alLid t] 11 holt i.is a short 1 1i'i1k

gl owlIrfl i's o I Ipprox inl~i' l I Lllnt .s 1l liinortiiel ,isti'i f. 1-11)1 Iii'.1itliit oIt

th f I iw Iies i t 1 o'ik dvis I t c" ( oil 1 4i st I11[filIIt r- ttit- Lxvgei ii'Iid ir1li l ig g 1.riti

t il' W'it cir (1lit 1 ty IIIL rie so tilil I it s [it I ra i Ii 'fI I h k . W I nd w I i ig day."5 (((Ii I It

IllIi x tll' i'lL Ill i pL~wiLL5I li I~i [IltiL till' L)I)( I I wI t fI t Ifit]lI Iit rrfig I I V.i 1 iLI1Lmints . It

dt r .Itliilt I -, ll(e. .is ir , IT).1 I I o si.gi' .- t I [ite rv.I I litrI fig th li CAr I , sta ge s o t

t ill' Potafllogeton cri:.pu, goI,ilig 51',i5LoiiI yliglt il t tIlI thi ,, 1 LL5 vhl ide",'st at rufg

v a (lI I' wti ; ti li he u r i ; n -1" , :f)I' r !-'h't -!!tO " It h 't do( ?LLI



rave toxic et tects such as biologicalI cont rol wi th f i si or- ha~rvest rufg Lecif-

iiques ,might he a safer ait terriat ive unt i I more resea rch i s loire om t ho hi

chemi ca I diegraitdat ion of endot hal I I-Tlire( chemica I ay becomec t ed ( ipI i ii t hcw

anroxi c deeper sedimenrt layers of the I it ttori I zone I or l onger perrids oif t iiw

Al though the safety I aictor is hel i eved to( I( he high f or lokimairs ,i ts Ioig- t r t.

e tffect s onl healIthI a re not knowtn

Fit rt hier qies t i onis i n t he t i eold of Iohe11 i ( i (Ics shren I I1w Jil r." 1)1 t vIi li

be ttetr unde rs t a nd i g oft te liild re ct eof ftt t ofI( id hient li '11 nd If t li- t I t I

phosphoru-ls aft ter Ina cropfrvt (I lest ruct I'm Fr Xiirp Ic, thli rol (d o th eul ic I

Mne it Ir ifadso rhi i g phosphoruis I o's t I ruin It'(ompos i rig iil,)('rolivt f-s "houi Id it

s t lid i ed .Of tihe t fir-ee maJ or1 aIgal I olii'llri I t I es , e I 1 ili\t I k p 1)i 

) 1 irikt onl i c , wh i cl i is mo st st imu I at ed bv fe rh i c i de( t re, It me Iit'! C.1 i1 t fet e-xt erit

of oix, genr ilelnirld 1mu( rllnainie ofIt agal I1h oonis lit 1procf( i t t, I f or rise 3is .r s11ii-

agemlent t ool?'! l Final IV, tire, ra1te of res pi ra t i oil anid g ross p)r imal'ry p)rodlict i vi1 t v

sirori I ( he clIose, Iv i lives t i ga t eul i ii corn uwrct i onl w i t Ii ha c te r i a I re s poiis~ a jf te r

he rb i c i deo t reateit t me or- mac ropfryte coromirn t ies of di I tec inrg ri ((ma ss

5 b



V. SUMMARY

1. Research was directed toward assessing the effects of endothall on

(a) phosphorus leaching from Potainoqeton crispus, and (b) the chlorophyll a

and metabolic responses of autotrophic components.

2. A IFi e ] s t udy was condu cted t o observe changes i ni phospho rus spec iesi

(part iculate phosphorus , so] uab Ic un reacti ye phospho ru s, anrd s oliiablie reactive'

phosphorus) and oxygen concent rat ions after the application of Hydrotho I 47

anid Aquathol K (5.0 ppm). Further invest igat ions withi erndotfiar i were con-

duct ed wit h mri crocosmis. A p ilo t mi cro osm s tudiy (iiii crocosin I'xjIIr imerit 1 ) was

performed to measure changes ilri pfiosPh&.ris , oxygen , Mid al gal clolrophlfl a

ifter the appl icat ion of lildrotho I 47 (2.0 ppmr) . C~haniges ini ph~osphorus c-(f

cent rat ioris and the mnetabolism Sil IfHiret- aiitot roplik ( omporitilt s, mi,lc-rlJ)pfyt.-

ep i phyte , henth ic, adl pliarktor c, were assessed Ill rep Ii cite a11c1 1f1 f tei

trea tmenitr with 2.0 pp1111 Ilyd rot ho I 47 (iicrocosii expi'r Iliit 1])

3. The appli cat ion of enrdotha I to Potamogeton crispus cujiililit ils

Caused Inrcreases fit the SKI) cmnrit tioul of the watelr tor sfhort per ims Idl

timle in the field andl microcosm experimnrt 1. It apper r-et thfat phosplfrlus

I i'acfiei from~ macr(Iphyte tissue, was resporis ihi1e I or these' icre'lses . flowever ,

he' inpuit oI phoho1rus fromr the sef imcnit was riot invt';t Igatedf.

4. in1 microcosmn explerimenlt I1, tile -i ivaited SRI' corielt raiti In riile red

t ( bef I rlf'lct iv xil ide lot-. ig.ril uptaike flecalist' epipe 1i ii hlophl l ai III

I1 1 "ell' Olsrrvedi atter fll'i I dl' di Ii

t lti i lwp t 11~i'rii 1 tI l'liil'I f inn Potamoqetcn crisptls 5.1 mminn Iii i -It c I %' taj ket II I)I tI

C~pt, I I mont ,, m~j%, lot, Ittr If ut l t I f tlt ' 1i~ i j 0 IIj

t I m - h I rth II lfi ' r-( f,.illsflllllr I n il I T er I i (' ill, t it' m itir Ifc; t' , I fli i

rot m'nit mid appeat' rell tI o t mat er ial I t'achell I loin Potamogeton cri spus
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S. so I liht) I lirteatt i ve pho~sphoeri w ][I( reIset ill tite WalterI several I la\5

. IlithLIl I I is ill irir 1t 1 ii I igrir I I citl L e isc i 1iil'l ill IlitroIttJsil

glotss JrIli 11 \' pr)iithict i\,It v , i t t iuiriirm I1)t oiti t v ijntl 2 4-hf) r jr rv

olit itt Is , Ihtl uppos i t vd I le ct Itori pit tern-11S )1 s Irvit eI I I tI t s cIicitlhotI it( rte s

("111s Itd ill oxygti dii'Iist. Ill thel witer.

10. Thei trlidtiil I st, S5 thu i ((t tv it fct tel the mali gross prilluiry prot-

dliitt iV V ,IIt 1 pr IIliair % 1t) 0iuC Lt v i t V irti .- -Itr net 1)r l mairy)1o pri it I vI t \ rijt es

thlic igi f Iriu ( I [IL treilset it t L I li I cr 5Th osi rdmu t I v ,I a tcs . S t retss i I)g ani

jilt ot rupiii (I compoitiit Sb tiiikcs j siwl s tint iua Int ri hut I i i to the mietahutl I i Sil

t ell svri I tal t he reI o re til [si ttmpr..1)0 ' I.% let rlaes ill water 111ii I Itv nil11 1

d i ret LIv aI t c t [ue r 1) ti t ItItrih gi it glIxgc ea II kI ,Is I,

I I. Thie IluauI pr Ii ni I-\ proiiuct iv it v/rsp irat ii rat tl) roppedti I It c r t lie

t .r t ti1ih I t I (Ii i lid I taIt rI]g Lthu t LrutLtdII ii trocsms wtre t inpinrai Ivm flfrt lictt-ro-

Lrtqth ik thliin tiin ti I-)IIi i c ismus .- CUt eusr siiggestr-i that 1u l1)iIe tirgirli Ic

Il,]t er iIl h wI l 1 1tIheti I I )It sents i rig Otairioyeton crispus sius t a I lit( liet ero-

t t op1 r nie t a1 I I il .

12. 'hI I ( u((sin meituih I r siii rtcvo ee I run herbi ri h tc reajtniirt antim t h is

responise ulepulde il ir sir i It Ili-ni Potanrogetor C-rSPnIs t o heriLi i cII agalI uli -

lirulce 1it pitu o n htes u S r11i resI rat Liuor.

I Tli sh i t t 1 i phot t5Vit it t it dlilnmie uipei red t o hei St innl I at ed by\

theit upt ake o t Ieathet mm-rrulivte phrsphiorlis hy ip i phivt ic mid ep i pe I in al.1gae ,

wit it r we ,Ire res I stait tot het htirhi h e pert itrhat I i.
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APPENDIX I

Values Used to Calculate Plant Standing Crop and Milli_&rams of

Tissue Phosphorus Per StandingCrop (mP/ SC) for

Microcosm Experiments I & II

Leaf In Leaf Weight mg P/g
_No. No. ____ In Weight SC In P mg/g

Laboratorj Grown Plants

4 1.3863 0.0032 -5.7446 72.57 4.2845

6 1.7917 0.0034 -5.6839 96.54 4.5699

6 1.7917 0.0042 -5.4726 68.74 4.2303

6 1.7917 0.0027 -5.9145 71.73 4.2729

9 2.1972 0.0035 -5.6549 57.57 4.0530

10 2.3025 0.0199 -3.9170 ....

10 2.3025 0.0072 -4.9336 83.49 4.4247

10 2.3025 0.0164 -4.1105 66.79 4.2005

15 2.6390 0.0241 -3.7255 65.79 4.1864

17 2.8332 0.0127 -4.3661 52.31 3.9571

18 2.8903 0.0341 -3.3781 49.20 3.8958

19 2.9444 0.0198 -3.9221 48.42 3.8789

21 3.0445 0.0467 -3.0640 27.06 3.2980

26 3.2580 0.0279 -3.5791 37.53 3.6251

Field Plants

3 1.0986 0.0032 -5.7446 48.03 3.8718

3 1.0986 0.0027 -5.9145 74.41 4.3095

3 1.0986 0.0030 -5.8091 77.50 4.3502

4 1.3863 0.0050 -5.2983 82.40 4.4115

4 1.3863 0.0040 -5.5214 89.10 4.4897

4 1.3863 0.0069 -4.9762 61.01 4.1110

4 1.3863 0.0042 -5.4726 63.78 4.1554

6 1.7917 0.0105 -4.5563 55.59 4.0180

6 1.7917 0.0075 -4.8928 42.77 3.7558

6 1.7917 0.0119 -4.4312 33.82 3.5210
6 1.7917 0.0084 -4.7795 52.41 3.9591

(Continued)
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APPENDIX I (Concluded)

Leaf In Leaf Weight mg P/g
No. No. -9 In Weight SC In P m&/9

Field Plants (Continued)

7 1.9459 0.0169 -4.0804 48.68 3.8852

7 1.9459 0.0126 -4.3740 41.59 3.7278

7 1.9453 0.0188 -3.9738 31.68 3.4557

8 2.0794 0.0272 -3.6045 34.55 3.5424

8 2.0794 0.0147 -4.2199 46.71 3.8439

8 2.0794 0.0131 -4.3351 30.67 3.4233

8 2.0794 0.0100 -4.6051 25.85 3.4232

9 2.1972 0.0224 -3.7987 17.94 2.8870

9 2.1H72 0.0155 -4.1669 57.59 4.0533

9 2.1972 0.0216 -3.8350 40.60 3.7037

11 2 5)49 0 .0473 -3.0512 21 .23 3.0554

14 2.6390 0.0494 -3.0078 19.25 2.9575

15 2. 7080 0.0496 -3.0037 22.26 3. 1028

Ib 2.7726 0.0300 -3.5065 26.58 3.2801

18 2.8()03 0.0775 -2.5574 16.16 2.7825

1,( 2 .9444 0. 1010 -2.2t)72 15.93 2.7682

t) 1. 5835 0.3480 -1.0555 5.49 1.7029

47 1. 8501 0. 1140 -1.1583 19.03 2.9460

87 0..9 0.6581 -0.4181 1.62 0.4861

6,3
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APPENDIX 2

Calculated Total Standiu% Crop,, and Total m8 Tissue Phosphorus

f or M ic ro-cosm Expe r i ent s I8I

DteStan-ding Cro.p 11 551W 1'

Oct. 15

F: 1.0655 32.9660
C 1 .2123 35.3178

Oct . 30

E 2.3973 59 . 3746
C i.6559 46.0191

Nov. 20

E 2.4013 53.3873
C 3.0864 67. 1326

Exper ment 11

April 9

IC 0.2 159 7.6263
2E 0.1894 6.5225
3C 0.1569 5.8237
4E 0.2115 7.1688
5C 0.1875 7.06101
6E 0.1741 6.3411
7E 0.2147 7. 379'
8C 0.2116 7.4107
9C 0.2478 8.420-,
IOE 0.2081 7.0871
1 IE 0.2153 7. 26701
12C 0.1884 7.3116

April 15

IC 0.3919 12.1095
2E 0.3735 11 .73 0
3C 0.2847 7. 9650
4E 0.4211 11.847.'
5C 0.3771 11.0500
6E 0.3784 9.824S

(Continued)

E experimental; C control.
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APPENDIX 2 (Concluded)

Date Standing Crop Tissue P

Experiment 1I (Continued)

7E 0.4023 11.6878
8C 0.3529 10.2816
9C 0.4344 12.9803
IOE 0.2967 8.2955
IIE 0.3842 11.2937
12C 0.3092 9.5010

Apri 1 27

IC 0.7087 19. 2000
2E 0.0718 17.7789
iC 0.4571 12.6588
4E 0.7309 19.6584

0C 0.5911 15.0598
bF 0.6278 15.4324
71F 0.7322 19.2603
8( 0.5755 16.1968
1) 0.6598 17. '113

l OF 0.0119 14.6946
IF1. 0.6350 16.5683
111C 0.6219 16.2914
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APPENI) IX 5

Tota I Phosphorus (T), Sol nble 'hosphorus (SI'P, Solu 1 tI Rt,.,t ivc Ph(,sjlii w,

(SRP), Part I n I u ate Piosphorus (I'll), So 1lb Ie I' (-,(t i ivc Phosjh')rus (SIP),

and Oxygen in Microtosm Expt'r n1nlit I I

Mi C roco sm
No. TI', p / SP, p /v SRI', Ig/,v IT!, ij/ l SIT, Oivi (Jxypen, ,

April 17

IC 19 2 8.7 2.] 10.5 0.0 6.0

21F 17 .5 8.7 1.7 8.8 7.0 6.6
3C 19 .2 8.4 2.1 10.8 1. 6.
41 19 2 7.. 1 4 11 .9 59 7 .4
W. 17. 5 810 0 95 7.0 7 4

()E 17 .5 8. 7 1.4 8.8 7 . 8.0

71 17. 9.<1 1.4 81 77 7.8
8( 19 2 9.1 1 7 10. .74 ..
9C 17 .5 0.6 1 .4 10.9 5 2 7.4

10E 17.5 9.4 1.7 8.1 7.7 7.1
11F 17.5 10. I 1 .4 7 4 8 7 7.0
12( 19.2 7 .3 1 .0 11 .9 60. 7.4

Ap ri 1 25

1 1 .I 9 . 8.0 3.8 o.8
21 13.9 8.4 1.4 5.5 7.0 ..
Wt 19.2 5 0. 7 13.7 4 .8

41 15.7 5.5 0 .7 10.2 4.8 7.0
C 7 15.7 t.2 ( .7 9.5 5.5 7.8
F17 15.7 0.0 0 7 Li1 () 7.2

7E" I13.9 4.9 0 . 0) 2 7 .5

8C 15.7 4.9 0 7 10.8 4.2 7.0
9C 15.7 5.2 ( 7 10.5 4.5 7.1

10I7 15.7 4.5 0. 7 11.2 .8 0.6
I11E 15.7 7.0 (.7 8.7 o.3 7.4

12C 13.9 4.5 0.7 1.4 4.8 7.4

Apri 1 29

IC 17.5 5.9 0.7 11.0 5.2 --

21 19.2 7.3 2.4 11.9 4.9 --

3C 19.2 b.6 0. 7 12.o 5.9 --

4E 20.9 8.0 2.4 12.9 5.0 --

5 C 15.7 5.9 0.0 9.8 5.9 --

61 19.2 8.7 1.7 10.5 7.0 --

(Cont i nu'd)

(Shet I of 31
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APPENDIX 5 (Continued)

Microcosm
No. UIP,. H/v SP, Hpg/v 5W, _p~g/ IT, }.p~/2 SUP, P80Q Oxygenl, ppmf

Ajpril 29 (Continued)

7E 20.9 5.9 1.0 15.0 6.9 --
8C 17.5 5.9 0.0 11.6 5.9 --

9C 17.5 6.2 0.0 11.3 6.2 --

lOE 19.2 7.3 1.0 11.9 6.3 --

liE 20.9 5.5 0.7 15.4 4.8 --

12C 17.5 5.5 0.7 12.0 4.8 --

Apr)I .30

IC 17.5 5.9 0.0 11.6 5.9 6.6
2E 33.2 8.0 2.8 25.2 5.2 5.8
3C 19.2 5.9 0.0 13.3 5.9 6.9
4E 33.2 8.0 5.2 25.2 2.8 6.1
5C 15.7 4.5 0.0 11.2 4.5 7.8
6E 29.7 8.0 3.5 21.7 4.5 6.3

7E 33.2 5.5 2.8 27.7 2.7 6.2
8C 17.5 7.3 0.7 10.2 6.6 7.2
9C 19.2 5.5 0.0 13.7 4.8 7.3

IOE 29.7 5.2 0.0 24.5 5.2 6.5
1IE 33.2 5.2 0.0 28.5 5.2 6.0
12C 19.2 5.5 0.0 13.7 5.5 7.1

IC 17.5 5.5 0.7 12.0 4.8 6.7
2E 31.4 5.5 0.7 25.9 4.8 5.8
3C 17.5 7.0 1.0 8.0 6.0 7.1
4E 26.2 5.5 1.0 20.7 4.5 6.5
5C 15.7 5.5 0.7 10.2 4.8 7.6
6E 26.3 7.0 2.8 19.2 4.2 6.5

7E 31.4 5.5 0.7 25.9 4.8 6.1
8C 13.9 6.2 0.7 7.7 5.5 7.1
9C 15.7 5.5 1.0 10.2 4.0 6.9

IOE 17.5 4.9 0.7 12.6 4.2 5.7
lIE 34,9 8.4 0.7 26.5 7.7 5.8
12C 17.5 5.5 0.7 12.0 4.8 7.0

(Cont inued)

(Sheet 2 of 31
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APPENI)IX 5 (Concluded)

Mic rocosm
-No. TP, PZ!Q SI, PH_/ SRI-. pg/Q IT, pg/ Still, yS/ 2  (x,,cri, pp'.a,

May 4

iC 13.9 7.3 0. 0 6.6 7 .3 6.8
2E 16.2 11.5 0. 0 4. 7 115 3. 5
3C 12.2 9. 1 0.0 1. 1 9 1 7 .4

4E 16.2 12.9 0.0 3.1 12.9 4.2
5C 13.9 5.9 0. 0 8.0 5.9 8 .2
bE 15.7 9.1 0.0 6.6 9.1 4.4

7E 26.2 11.2 0.0 15 0 11.2 4.4
8C 13.9 5.5 0.0 8.4 5.5 7. 5
9C 15.7 8.0 0.0 7.7 8.0 7.6

IOE 20.9 10. 1 0. 0 10.8 10. 1 4.4
Ilie 19.2 12.6 0.0 6.6 12A6 4.2
12E 12.2 6.2 0.0 6.0 6.2 7.1

May 10

iC 22.7 7.0 1.4 15.7 5.0 6.1
2E 29.7 11.9 2.1 17.8 9.8 5.5
3C 26.2 7.0 0.0 19.0 7.0 6.4
4E 22.7 5.2 0.0 15.7 7.0 5.8
sC 13. 9 5. 2 i.4 8.7 3. 8 7.0
bE 20.9 3.8 00 17. 1 3.8 5.6

7E 24.4 5.2 0.0 19.2 5.2 5.7
8C 17.5 5.2 0.0 12.3 5.2 6.8
9C 19.2 6.6 0.0 12.6 6.b 6.8

IOE 19.2 4.9 0.0 14.3 4.9 5.4

lIE 22.7 7.0 0.0 15.7 7.0 5.8

12C 19.2 8.0 1.4 11.2 6.6 6.2

(Sheet 3 of 3)
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APPENDIX 6

Wat e r , Wa I Ia nd Se d i men t Ch I orophy I I Va I ues

Microcosm Experiment I

Ni k rolosin NOV. 4 NOV. 18 NOV. 22 DEC. I

Water Cho rophv Il, m8/m

C I .098 0.446 1 . 301 0. 771

E; 0.6131 0. 609 0.753 0. 773

wall Chlorophyl1 ,I g/

( 0 .136 0.003'9 0.0 0.013)

F. 0.0090 0.0 0.0059 0.0173

Sed i nlent (h 1 rophy I I , mg/n 2

S0 02 b. .0257 0.0927 0.0518

0.0402 0.05t)7 0.0251 0.0288

0). () 1) 0.0551 0.044,, 0.1320

0.0747 0.07,31 0.0441 0. 1163
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APPENDIX 7

Water, Wal l, and Sediment Chl orophy I I Va I ies,

Ni c rocosm Lx j er inint. II

Mi crocosm
No. APRIL 7 APRI1. 21 MAY 2 NAY 13

Water Chlorophyl l, mg/n

IC 1.126 .579 1 .951 1 .99
2E 1.068 19197 0.893 (6 31

3C 0.975 .510 2 68 2. 263

4E 1.161 1.531 1 04t) 0.278

5C 1.068 0.873 1 615 1 09()

E 1 .219 . .336 0.894 0.90,)

7E 1.0135 0.986 1 .708 1 .090

8C 1 .670 1 .508 1 .949 1.090)

9C 1 .410 . 266 1 .754 1.t4;

IE 1. 138 1.067 1 .369 0.731

liE 1 .833 1. 438 1 .581 1.740

12C 1 .009 .171 1 .952 1.27o

NAY 2 MAY 8 NAY 13

WaI I Ch lo rophy 11, mg/m 3

IC 0.027 0.060 0.068

2E 0.011 0.049 0.033

3C 0.054 0.034 0.029

4E 0.114 0.140 0.075

5C 0.194 0.366 0.228

6E 0.263 0.191 0.075

7E 0.152 0.114 0.049

8C 0.121 0.111 0.061

9C 0.109 0.056 0.033

lOE 0.226 0.143 0.058

lE 0.138 0.060 0.136

12C 0.170 0.015 0.118

(Cont inued)
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APPENDIX 7 (Concluded)

Microcosm
No. APRIL 17 APRIL 21 MAY 2 MAY 13

Sediment Chlorophyll, mg/m
2

IC 14.898 14.954 7.597 11.254
4.547 11.001 8.010 8.72:3

2E 4.338 4.363 4.018 40.931
8.470 10.630 7.224 29.584

3C 7.890 6.918 8.653 10.172
10.335 4.756 10.208 16.495

4E 14.538 14.694 6.776 16.961
9.330 5.869 10.469 49.326

5C 9.006 6.960 7.597 17.661

15.787 10.518 4.410 48.976

6E 12.722 14.694 8.685 11.221
7.899 6.405 9.864 23.554

7E 7.391 5.660 19.387 30.623
10.894 7.076 8.683 19.960

8C 12.334 9.425 6.403 21.171
9.801 8.841 9.377 28.969

9C 5.579 7.384 7.145 15.896
15.840 5.707 4.039 15.295

1OE 7.472 4.593 8.154 14.177

9.748 7.171 5.131 30.312

lIE 7.384 11.397 11.026 23.473
10.444 6.776 5.152 42.828

12C 15.629 5.498 6.217 20.538
12.028 9.059 5.479 13.551
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APPENDIX 8

)issolved Oxygen and l'emp erature Chaanes for Ca lculat ion ot

Microcosm Metabolism, 0 (°C)

Akpri1 19

rime IC 2E 3C 4E C 6E

8:30 7.3 (2 .9) 7.5 (23.8) 7.3 (24.1) S.1 (23.1) 8.2 (24.3) 8.4 (24.1)

I'M

12:30 6.7 (22.2) 6.8 (22.0) 0.9 (23.0) 7.7 (22.8) 7.6 (23.0) 7.5 (23.0)

4:30 6.3 (21.9) b.3 (21.9) 0.2 (22.7) 7.0 (22.3) 7.0 (22.6) 6.7 (22.6)

8:30 5.9 (21.6) 5.9 (21.6) 5.8 (22.5) 6.5 (22.0) 6.5 (22.2) 6.2 (22.0)

AM

12:30 t.4 (22.4) b.4 (22.3) t).4 (23.7) 6.9 (23.0) b.8 (23.2) 6.7 (23.2)

4:30 6.6 (23.0) 6.6 (22.8) 6.6 (23.8) 7.4 (23.2) 7.4 (23.4) 8.0 (23.6)

8:30 6.7 (213.0) 7.3 (23.0) 7.2 (24.0) 7.8 (23.7) 8.0 (23.9) 8.2 (23.9)

7E 8C 9C -IOE IE 12C

8:30 8.1 (23.5) 8.1 (24.0) 8.5 (23.3) 8.1 (23.5) 8.1 (23.2) 8.1 (24.0)

PM
12:30 7.4 (22.9) 7.5 (23.0) 7.8 (22.5) 7.3 (22.8) 7.4 (22.3) 7.2 (22.6)

4:30 6.7 22.4) 6.7 (22.6) 6.9 (22.0) b.5 (21.8) 6.8 (21.7) 6.4 (22.0)

8:30 t,.2 (22.1) 6.2 (22.1) 6.4 (21.7) 6.0 (21.0) 6.4 (21.3) 6.2 (21.6)

AM

12:30 6.9 (23.0) 6.6 (23.2) 0.9 (22.4) 6.5 (22.4) 6.9 (22.0) 6.8 (22.5)

4:30 7.8 (23.6) 7.5 (23.9) 7.4 (23.9) 7.3 (23.0) 7.6 (22.5) 7.4 (22.7)

8:30 8.0 (23.4) 8.0 (24.0) 7.6 (23.0) 7.6 (23.0) 8.0 (23.0) 7.7 (23.0)

Vril 2 7

IC 2E 3C 4E 5C 6E

8:30 6.8 (23.2) 7.2 (23.0) 7.7 (23.5) 8.2 (23.5) 8.3 (23.8) 8.3 (24.2)

PM

12:30 6.6 (22.0) 6.8 (22.9) 7.4 (22.9) 7.7 (22.5) 7.7 (23.0) 7.4 (23.0)

4:30 6.4 (21.0) 6.4 (20.9) 6.9 (21.5) 7.1 (21.0) 7.1 (21.5) 6.8 (21.7)

8:30 6.0 (19.8) 5.9 (19.5) 6.2 (20.2) 6.2 (19.9) 6.3 (20.2) 6.2 (20.2)

AM

12:30 6.2 (22.2) 6.4 (19.8) 6.7 (20.5) 7.2 (21.1) 7.0 (21.9) 6.8 (21.5)

4:30 6.8 (22.5) 6.8 (20.8) 7.4 (21.2) 7.6 (22.3) 7.8 (22.5) 7.2 (22.3)

8:30 7.4 (23.5) 7.5 (23.0) 8.1 (23.0) 8.4 (23.2) 8.2 (23.3) 8.2 (23.3)

(Continued) (Sheet I of 4)
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APPENDIX 8 (Continued)

April 27 (Continued)

Time 7E 8C 9C IOE IIE 12C

8:30 7.7 (23.5) 7.4 (23.8) 7.7 (24.8) 7.3 (23.5) 7.9 (22.9) 7.7 (22.9)
PM

12:30 7.2 (22.8) 6.9 (22.8) 7.2 (23.0) 6.9 (22.5) 7.4 (22.0) 7.2 (22.0)

4:30 6.8 (21.5) 6.6 (21.5) 6.8 (21.5) 6.4 (21.1) 7.0 (21.0) 6.8 (20.5)

8:30 6.2 (19.9) 6.0 (19.9) 6.1 (20.2) 5.7 (19.9) 6.3 (19.6) 6.0 (19.4)
AM

12:30 6.8 (21.0) 6.6 (21.6) 6.7 (21.9) 6.4 (21.6) 7.1 (21.1) 6.7 (21.1)

4:30 7.5 (22.2) 7.0 (22.7) 7.1 (23.1) 6.6 (22.5) 7.4 (22.7) 7.4 (22.5)

8:30 7.9 (23.0) 7.5 (23.5) 7.5 (24.2) 7.2 (23.3) 8.0 (23.0) 7.6 (23.0)

May 3

IC 2E 3C 4E 5C 6E

9:30 6.2 (22.2) 3.6 (22.0) 6.6 (22.6) 3.9 (22.5) 7.4 (22.8) 4.2 (22.6)
AM
1:30 6.4 (23.2) 3.4 (22.8) 7.0 (24.0) 4.0 (23.6) 7.8 (23.5) 4.3 (23.6)

5:30 6.8 (23.8) 3.5 (22.8) 7.4 (24.5) 4.2 (23.8) 8.2 (23.8) 4.4 (23.8)

9:30 7.3 (23.6) 3.2 (23.0) 7.8 (24.5) 4.4 (24.0) 8.6 (23.5) 4.4 (24.0)
AM

9:30 6.1 (22.0) 4.0 (22.1) 6.4 (22.2) 3.9 (22.8) 7.0 (22.2) 4.2 (22.8)

7E 8C 9C IE lE 12C

9:30 4.4 (22.6) 6.6 (22.5) 6.6 (22.0) 4.3 (22.0) 4.3 (22.0) 6.4 (21.8)
AM
1:30 4.4 (23.8) 7.1 (23.8) 7.2 (22.8) 4.4 (22.8) 4.4 (22.8) 6.7 (23.0)

5:30 4.4 (23.8) 7.5 (23.8) 7.6 (23.2) 4.4 (22.8) 4.2 (22.5) 7.1 (23.1)

9:30 4.4 (24.0) 7.6 (24.2) 7.7 (23.7) 4.4 (22.8) 4.5 (22.8) 7.2 (23.5)
PM

9:30 4.4 (23.0) 6.3 (22.3) 6.2 (22.0) 4.2 (22.1) 4.2 (22.0) 6.2 (22.0)

(Continued)

(Sheet 2 of 4)
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APPENDIX 8 (Continued)

May 18

Time IC 2E 3C 4K 5C 61

9:30 8.2 (23 .3) 8.6 (22.8) 8.4 (23.2) 8.5 (22.9) 9-4 (23.5) 8.8 (23.2)

PM

1:30 8.0 (22. 0) 7.9 (22.0) 7.8 (22.2) 8.4 (21 .9) 8. t, (22.0) 8.4 (22.0)

9:30 7. 3 (21. 3 7.5 (21 .2) 7. 3 (21.2) 7.7 (21 .2) 8. 1 (21.2) 7.9 (21.3)

AM
1:30 7.5 (213. 0 7.8 (22 .3) 7.8 (2:3.0) 8.4 (22 .) 8 .6 (22.5) 8.2 (22.5)

5:30 7.8 (23. 0) 8.0 (22.8) 8.0 (2.3.5) 8.6 (22 .5) 8. 7 (22.8) 8.2 (23.0)

9:30 8.0 (24.0) 8.0 (23. 5) 8.4 (24.0) 8.8 (23.4) 9. 1 (23.4) 8. 3 (23.9)

7E 8C 9C IE I1E 12C

9:30 8.4 (23. 2) 9.4 (23.9) 9.3 (23. 3 7.8 (22.8) 8.7 (23. 2) 8.6 (23.2)

PM
3:30 8.0 (22.0 8.7 (22.3) 9.0 (22.0) 7.4 (21 .9) 8.1 (22.0) 7.6 (22. 3)

9:30 7.5 (21 .7) 8.0 (21.9) 8.3 (21 .4) 7.0 (21 .2) 7.6b (21 .3) 7.4 21 .2)

AM
1: 0 8.0 (22. 7) 8.7 (23.0) 9.0 (22.8) 7.3 (22 .5 8.2 (22. 0) 7.7 (23 .0)

5:30 8.0 (23. 0) 8.9 (23.0) 9.2 (23. 2) 7.4 (22 .8) 8.13 (23.0) 8.0 (23. 2)

9:30 8.0 (24.0) 9.4 (23.5) 9.7 (2 3.5 7.3 (22. 8) 8.. (23.5) 8.3 (23.6)

May 22

iC 2K 3C 4-E 5C 6K

9:30 7.7 (22.5) 8.0 (22.1) 7.7 (23.2) 9.t, (22.4) 8.4 (22.0) 8.5 (21 .q)
PM

3:30 7.5 (21.2) 7.8 (21.2) 7.3 (22.0) 8.8 (22.3) 7.8 (22.0) 7.8 (21.9)

9:30 6.8 (20.9) 7.3 (20.8) 6.9 (21.0) 8.1 (21.2) 7.3 (21.0) 7.4 (21.0)

AM

1:30 7.1 (21.9) 7.5 (21.6) 7.2 (22.9) 8.7 (22.)) 7.7 (22.8) 7.9 (22.0)

5:30 7.5 (22.4) 8.2 (22.0) 8.2 (23.1) 9.8 (22.0) 8.8 (23.0) 8.9 (22.5)

9:30 8.0 (22.9) 8.6 (22.7) 8.5 (23.3) 10.4 (22.2) 9.4 (23.2) 9.4 (23.0)

(Continued)

(Sheet 3 of 4)
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APPENI) IX 8 (Conciuded)

1ay 22 (Continued)

T i lne 7E 8C (C - OE 1IE 12C

):(0 8.4 (22.8) 9.1 (23.0) 9.6 (22.2) 7.9 (22.4) 9.0 (22.2) 8.0 (22.2)

I'M
1:10 7.9 (219) 8.8 (22() 9.1 (2(1) 7.5 (21.4) 8.5 (21.0) 7.6 (21.0)

9:30 7.4 21.0) 8.0 (21.3) 8.1 (20.7) 7.1 (20.9) 7.6 (20.7) 7.1 (21.0)

AM

1:30 7.
)  
(22.0) 8.06 (22.1) 9 ( 21.2) 7.t) (21.9) 8.1 (21.) 7.8 (21.9)

10:3 8.7 (2-1. 9. (21.11 10.0 (22. 1) 8.1 (22.2) 9.2 (22.() 8.t (22.1)

9:10 9.4 t2.1) 9(.8 (24.0) 10.4 (21.)) 8.4 (2.1.) 9.() (22.t-1 8.9) (21.)

lav 24

I C 2E C 4 F tE

8. 17 (.22.2) 9., (22.2) 8.S (22 1 0. (22.()) 8.i -22.) '1.8 (K 2..'

:1 7.8 (22.0) 8.1 121.7 , (2,o.01 ' 0 21 1) 8.1' (2).>

I:10 8.0 (22.) M. 22.) ,(1 1 '.7 ''. S.( .11 6 222 .4 8. 2

:1 8.1 (21.0) '. ( 22. .) 8 21.1) .( ) l ' ) V '2 0 H 'I. 2 1

'11 8.4 (2 1 .7) 9.4 (22) 8, (2.)))( 02)' 0 2(A 1 (. (21.2

71% 8t 0', 1 ( . I 1 I2

:o(( '1.') 22.1 ) '9.8 (22.81 .7 2.k ( 22 .22 2) * . 1'21 ' 2"21

MI

All

l:1 8.' (22.41 2.9 2. 7 8. (22.)) . . 1, 7) 8 (22

: .4 12,.2) 9(.4 2,2 (.1 21.2 ) 8.o, 22.41 8.0 12'.1 7 121.1)

(I !I 1 7 6!., 11 4.0 1 2. 1 2 .( 0 .8l t2 .0) 2. 2 .5 S'. Sq .

(Sheet 4 of 4)
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A I'E N1) IX 9

IIissolved iixyyen and Temperature Chmages for Cl llti'm of

Cy I inder Metatlio s , I (C

Ap r i I 11)

1 , 1 C 21; 3C 4E F.

8:))) 7 . 1 12 1.) 7.4 12 .,) 7.2 3 24.1 8 .1 12 1 8.2 824 . 8.4 24.1

1_:1 6.8 222. 71 22.1 7.1 2. . (22 8 7.8 12 0 1 7 " 21.0

4:iO ti 4 1 121.8 . I (2 )91 ) . 12 2.7) 7.4 (22.11 7.2 22.1) 7 2 2

8: )0 b 2 ) 1 f2Ln) . 1 122. ) 7.0 (22.1) 0 .7 (22.21 .' 22.,,

A'I
11 M 0 4 122.1) n. .222.o) (2.8, 23.08 122. 7 0 2-

"4 ; .. , 02 .0.1 6.2 22.4 1 .9 (2 .8) .1 (21.0) ..8 121.2 7 .2 .. ,

8 :1 6.4 122.8) .) 22.81 6.0 (24.0) 7.2 (2 ) o6.8 224.111 7.

7SC 8 12 1 OF Il . 12(,

8 1o . I 21.) 8.1 124.1 () ) . 2 8.1 12.3.) 8. . 12 .2) 8.) 2..)
'1

12:' 1 7. 2-1 . 2 1.0) R.10 2 ) 7.4 (22 . 7.7 122 20 7. 2

14. ) .1 22 . ) 6.8 122.t,) 7.4 (22..0) 0.9 21. 8 7 .2 2. .) 711 2 ..0 2 ]

1: 6.8 I22 . I 6. I 22. I .9 1 2 1 . 7) .. 12 ., , 1 ) 2 .2 1 6. .,I .6

12 In.) . ' i., 1.11) 7.1 22.)) .8 (2 )) '. I.I) 1. .

.. :11) 1. 21.2) 6.7 (21.8 7.2 22.8) 8 .') t22.8 7 .2. ) 7. I

: 111 S,., 2 ) . . )4.O t).8 (2 .1) 6.9 121.1) 7.2 .20.11) . )2

Ap ri I 27

12 2E I41 4C 6.2

8 :,0 7.1 (22.81 6.8 (22.8) 7.7 (23.8) 8.4 (21.4) 8.4 (21 .,) 7.7 12.1)

12 : 0 7 .0 (22 .2) 6 .5 (21 .9) 7.4 (22. 9) g . ( '22 . ) 8.0 1 .0l 7. 2 11

4: 10 6.6 (21..0) 6.4 (20.') 7.2 (21.5) 7.8 (21.0) 7.8 121.4) 7.1 21. 7

6:10 6. (19. ) .9 (19.5) 6.6 (20.2) 7.2 (1V .') 7.1 1.1.2 1,.e )20 2)

AM
12: 10 6. 22.2) 6.0 (19.8 6.7 (20.5) 7.0 121.1) 7.) (21.') .4 1

Con t i nued

(Sheet 1 ,t k)
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APPENDIX 9 (Corit irmed)

April 27 (Cont i nued

IHE 1 21 3C 4E C6C

. 0 tc . , t2 .q t 2 20.('.8) ().8 (21 1) 7.0 (22 1) 7.0 (22.D 6 t (22.73)

5>.) i. (21.0) 7.1 (23 O) 7.2 (23.2) 7.4 (23.) 7.1 (23.1 )

'tC 8C OC 1OF. 1I F 12C

: 1 7.4 (2(,. 7.7 (23.2) 7.0 (21.2) 7.9 (22.5) 7.8 (22.9)

2.' 7.1 (22.8) 7.' (23.)0) 6.8 (2,:.5) 7.0 (22.0) 7.5 (22.0)

2)8) 7)) (21,5) 7.1 121.5) b.6 (21.1) 7.1 (21.0) 7.2 (20.5)

,, , (I'.i to 19.9) £.5 (20.2) 6.1 (19.9) 0.7 (19.6) 6.4 (19.9)

a'ly 1,

t( 2. "C 41E 5C O1F

.. .) 7.) (22.2) 8. 1 (23.0) 8. 1 (22 .7) 8.5 (22. 7) 8.4 (2 1.0

22.0) 7.4 22.0) 7 (22 ) 8. 1 (21 .9) 8.0 (21.9) 8.0 (22.0)

' ]2 i. 1,.,7 121 . ) 7.3 (21. ) 7 .4 (21 .2) 7 .8 (21 . 1 7.4 21 . 3)

\'1

-222.2) .4 (22 )) 7. ( 22.8 2 .) 7.8 (22.) 8.o 22.3)

o 7.. f2l.') o.8 (22 g.8 7.t, (21.2 7.7 (22 .) 7.6 (22.8) 8.0 23.0)

l 7. 2.). 1t, )' 2) 7.0 (21.8) 7.7 (2.1.O 7.5 (21.2) 7.9 2.1.9)

78 8 9) IC 1'.IE I 2C

, 8.7 (22.0) 1.1 (2,.)) 8.8 (2 2.4) 7.4 (22.2) 9. (22. 8.0 (22.8)

8:AI (> 22.0 ) 8. "12.,) 8.4 (22.))) 7.1) (21.9) 8..) (22.0) 7.7 (22.0)

S 8 . t21 . 7) 8. ) )8 2 1. ) 7.8 (11. 1 6.8 (21 .2) 7.8 (21. 3 7.4 (21 .

K 8.4 (22.4) 8.1 22.8) 8.0 (22.0) 7.1 (22.2) 8.3 (22.0 7,S (22.0)

) 8.)i (25.)) 8.0 (2 .) 7.6 (23.0) 6.9 (22.5) 8.4 (21.0) 7.5 (22.8)

''(0 8. 72(.) .0 (21.0, ) 7.4 (23.2) t.9 (2..0) 8.5 (23.2) 7.2 (2.3..)

(Con t I noed I

(Sheet 2 of 3)
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APPENDIX 9 (Concluded)

May 24

t me C 2E FC 4F SC 6F

9:10 9. 1 22.2) 9j. (22.2) 9.2 (22. )) 10.9 (22.0) 8.6 (22.0) 8.9 (22.2)
PM

1):3 ( 7 8 (22.0) 8.6 (21.7) 8.2 (22.0) 9.O (21.7) 7.0 (21.7) 8.3 (21.7)

AM
1: 0 7 .8 522. ) 8.9 (22. 7 8.4 (22.4 1 9. 1 22 .2 7 . 22 .2 8. 22 .2

M) 0 77 21 .0) (). 2 22 . Q 8 .4 2 !.0) .7 (22.9) 7.O0 (23. 0 9.4 23. 2

'7:10 7.6 23.7) 9.o 2 3.2) 8.7 (2 .2) 9.7 (23.0 7.0 (2 0) 8. 1 (21)2

7E 8C 9C 1E l1E 1 2C

: 8.6 22. I) 10.2 (22. ) 10.) (22.2) 9.1 (22.2) 9.4 (21.)) 9.2 (21.8)

1)W) 8.2 21.7) 8.7 (21 .7 8.9 21.7) 8.2 21.7) 7.A) (21.2 8.0(20.9)
AM

1:W( 8.4 22.4) 9.0 (22.7) . (22.1 ) 8.7 (22.0) 8.1 (21.7 .0 (22.0)

5: 0 8.2 (23.2) 8.8 (23.2) 8.8 (22.4) 9. (22.4) 8.3 (22.1 8.2 (22.9)

9:30 8.0 21.6) 8.9 (23.9) 8.6 (23.0) 8.6 (23.0 8.5 122.5 8.2 (2 1()

(Sheet 3 of 3)
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